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ae 
Rolls-Royce. 
Service Exchange Engines.» 


Mr. Trenchard "phoned this Office on Thursday, with 
reference to the survey arrangements for reconditioned Rolls 
Royce engines. It appears that Mr. Trenchard is not ak all 
happy about existing survey arrangenentse and pointed out the 
following: 


le ith a reconditioned engine, there is no guarantee that 
the engine crankshaft, connecting rode ete. have not been 
grossly abused in service and may well have been run on tor= 
sional critical speede or under conditions of severe ais=- 
alignuent. 
2. Even on new shafts, no proper tests are possible on the 
erenkshafts and conrecting rode. Since the shafte sre nitri- 
ééa all that is possible is to take a sub-standard tensile 
test piece from one end of the crankehaft(dimensions .232" 
by 1" gauge length)as some sort of check on the core strength 
of the shaft. 
3. Connecting rods are brinelled, but even here the Firm 
show much resistance since they claim that the brinell 
impressions adversely affect the connecting rod fatigue 
strengthe 
4. No hydraulic tests are carried out on pistons and cylinder 
covers. 

Por these reasons, lir. Trenchard felt rather strongly 
that any further easement of classification requirements was 
to be deprecfated if our Certificate was to mean anything. 


I 


, 


16th October, 1999. 
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REGISTER BOOKS AND OTHER PUBLICATIONS ISSUED BY 
THE COMMITTEE OF LLOYD’S REGISTER OF SHIPPING 


LLOYD’S REGISTER BOOK (Volumes I, II and III issued annually 


in July; Volume IV in January) 
The four volumes may be purchased as a set, or separately 


VOLUME I (Register of Ships) contains the names, classes and 
general information concerning the ships classed by Lloyd's 
Register of Shipping and the British Corporation Register; also 
particulars of all known sea-going merchant ships in the world, 
and of all iron and steel ships trading on the North American 
Lakes, of 100 tons gross and upwards. 


The Register is kept up to date by means of cumulative monthly 
Supplements containing the latest survey records for all classed 
ships, and changes of name, ownership, flag, tonnage, &c., for 
all ships, whether classed or not. Each Supplement is accompanied 
by particulars of new entries to the Register—that is, new ships 
and ships of which the names have been changed. 


VOLUME II (Appendix) contains additional particulars—if supplied 
by owners or otherwise available—of structural details, capacities, 
&c.. for ships other than tankers, tankers and ships carrying 
refrigerated cargo; lists of changes of ships’ names and of 
compound names. 


VOLUME III (Shipowners) contains a list of owners and managers 
of the ships recorded in the Register with their fleets. 


VOLUME IV (Directory) contains lists of shipbuilders with existing 
ships they have built; marine enginebuilders and boilermakers; 
dry and wet docks; telegraphic addresses and codes used by 
shipping firms; marine insurance companies. 


Statistical Tables are issued gratis to Subscribers to the Register 
Book. 


REGISTER OF YACHTS 


Published annually in April, this volume contains in addition to the 
names, classes, and detailed information relating to yachts classed by 
the Society, the names, dimensions, &c., of other British and overseas 
yachts, whose particulars are known; a‘list of one-design classes, and 
the sail numbers of certain classes of racing yachts; also, in an 
Appendix, a list of various yacht clubs; reproductions in colour of 
club burgees and private signals of yachtsmen; an index of signal 
letters; lists of yachts whose names have been changed; yachts 
arranged according to tonnage; yacht builders and designers, with 
lists of the yachts they have built and designed, and a list of names 
and addresses of yacht owners, as well as other useful information. 


The Racing Yacht Section and Regatta Fixtures may be purchased 
separately. 


REGISTER OF AMERICAN YACHTS 


This Register is published annually in May from the Society’s New 
York Office. Copies may also be obtained on application to the 
Manager, Lloyd’s Register Printing House, Manor Royal, Crawley, 
Sussex, England. 


This book contains the names, dimensions, and full particulars of the 
yachts of the United States and Canada, so far as they are ascertain- 
able; reproductions in colour of the burgees of yacht clubs and the 
private signals of yachtsmen; a list of yacht clubs with the names of 
their officers; an index of signal letters; late names of yachts; and a 
list of yacht owners of the United States and Canada, with their 
addresses, clubs and yachts. 


Also issued separately :— 
Club Burgees and Private Signals (in colour) 


RULES FOR THE CONSTRUCTION AND CLASSIFICATION 
OF SHIPS, &c.:— 


STEEL SHIPS, including General Rules and Regulations; Classifi- 
cation and Periodical Survey Regulations, and Rules for Construc- 
tion of Steel Ships and Machinery; Boilers and other Pressure 
Vessels; Electric Propelling Machinery and Electrical Equipment; 
Pumping and Piping; Fire Extinguishing Arrangements; Machinery 
Spare Gear; Refrigerating Machinery and Appliances; and Quality 
and Testing of Materials. A Metric Edition is also published as 
well as editions in French, Spanish and German. 


EXTRACTS FROM THE RULES FOR STEEL SHIPS:— 


No. 1.—CLASSIFICATION REGULATIONS AND PERIODICAL SURVEY 
REGULATIONS 


No. 2.—CLASSIFICATION AND PERIODICAL SURVEY REGULATIONS; 
PUMPING AND PIPING; FirE EXTINGUISHING ARRANGE- 
MENTS; STEAM AND INTERNAL COMBUSTION MACHINERY; 
BOILERS AND OTHER PRESSURE VESSELS; QUALITY AND 
TESTING OF MATERIALS 


No. 3.—CONSTRUCTION OF STEAM AND INTERNAL COMBUSTION 
MACHINERY, AND QUALITY AND TESTING OF MATERIALS 


No. 4.—CONSTRUCTION OF BOILERS AND OTHER PRESSURE VESSELS, 
AND QUALITY AND TESTING OF MATERIALS. A Metric 
Edition is also available 


No. 5.—Fire EXTINGUISHING ARRANGEMENTS 

No. 6.—CONSTRUCTION OF ELECTRIC PROPELLING MACHINERY AND 
ELECTRICAL EQUIPMENT. A Metric Edition is also avail- 
able 

No. 7.—CONSTRUCTION AND PERIODICAL SURVEY OF REFRIGERATED 
CARGO INSTALLATIONS FOR SHIPS; AND REQUIREMENTS 
FOR FROZEN MEAT STORES 

No. 8.—REQUIREMENTS FOR QUALITY AND TESTING OF MATERIALS, 


WITH A List OF APPROVED MANUFACTURERS AND PROVING 
EsTABLISHMENTS 


STEEL TRAWLERS 


YACHTS Vol. I:—WOOD AND COMPOSITE YACHTS 
(Sailing, Auxiliary, and Full Power) 


Vol. Il:—STEEL YACHTS 


Vol. IiI:—INTERNATIONAL RATING CLASSES 


GEOMETRICAL PROPERTIES OF SHIP GIRDERS AND 
SECTIONS (Third Edition—Enlarged) 


A series of tables giving over a wide range of thicknesses, the sectional 
area, centre of gravity of area, moment of inertia, and modulus of 
resistance of various sections and girders (with and without plating) 
which are commonly used in riveted or welded ship construction. 


ANCHORS—APPROVED DESIGNS 


Comprising lists (1) in alphabetical order of Firms, (2) in alpha- 
betical order of name (if any) of anchors, together with descriptive 
sketches. Revised and brought up to date, 1945. 


TERMS OF SUBSCRIPTION FOR THE REGISTER BOOKS AND PRICES OF OTHER PUBLICATIONS UPON APPLICATION 
TO THE MANAGER, LLOYD'S REGISTER PRINTING HOUSE, MANOR ROYAL, CRAWLEY, SUSSEX, ENGLAND. 


LLOYD’S REGISTER OF SHIPPING 


FOUNDED 1760 


RULES AND REGULATIONS FOR THE 
CONSTRUCTION AND CLASSIFICATION 
OF STEEL SHIPS_ 


1959 


71, FENCHURCH STREET, LONDON, E.C.3 


401f 


PrintED By Lioyp’s REGISTER OF SHIPPING 
AT GARRETT House 
Manor Roya, Crawtey, Sussex, ENGLAND 


CHANGES EMBODIED IN PRESENT EDITION OF THE RULES 


Additions and amendments which haye been adopted by the Committee since the previous (1958) edition of the Rules will be found 
in the following Chapters: 


Chapter B CLASSIFICATION REGULATIONS 


A number of editorial amendments have been made to this Chapter. 
The requirements calling for a Modified Survey of oil engines have been deleted. 


Chapter C PERIODICAL SURVEY REGULATIONS 


A number of alterations have been made to this Chapter, especially Section 2. 
The requirements for Boiler Surveys have been revised. 
Requirements have now been added to cover gas turbines and free piston generators. 


Chapter D STEEL SHIPS 


Double Bottoms 
Section 5. Para. 518 has been amended. 
Deep Tanks and Peak Tanks 
Section 19. Para. 1909 has been amended. 


Machinery Spaces 
Section 22. Para. 2202 has been amended. 


Equipment 
Section 33. Para. 3304 has been amended. 
Recommendations if Additional Strengthening for Heavy Cargoes is Desired 
Section 34. Para. 3407. A new sub-paragraph has been added. 


Table 6. Note 1. The requirements “For Frame Spacing” have been amended. 
TABLES Table 12. A new Note 3 has been added. 

Table 14. The first sub-paragraph of Note 5 has been amended. 
Table 49. A “Note” has been added to this Table to cover special quality chain. 


Chapter E PUMPING AND PIPING 


Plans 
Section 1. Para. 101 has been amended. 


Chapter G CONDITIONS FOR SURVEY OF MACHINERY DURING CONSTRUCTION 
Section 1. Para. 104 has been amended. 
Chapter H MAIN AND AUXILIARY ENGINES AND GEARING 


Steam Reciprocating Engines 
Section 2. A new paragraph (209), dealing with Fillets and Oil Holes, has been inserted. 


Turbines and Propelling Motors 


Section 3. Para. 308 has been amended 
Heavy Oil Engines 


Section 6. A new paragraph (604) has been inserted. 
Para. 605 has been amended. 
Para. 606. The definition of “‘d”’ has been amended. 
A new paragraph (609) has been inserted. 
Para. 613 has been amended. 
Para. 624. A new sub-paragraph has been added. 
Chapter J BOILERS AND OTHER PRESSURE VESSELS 


Scantlings of Drums, Ends, Headers and Tubes 
Section 16. Tables 1 and 2 have been amended. 
Chapter M ELECTRICAL EQUIPMENT 


General 


Section 1. Paras. 109 and 110 have been amended. 
A new paragraph (111) has been inserted. 


Special Requirements for Petroleum Tankers 
Section 15. ‘Nature of Supply” (now para. 1502) has been amended. 
Chapter P QUALITY AND TESTING OF MATERIALS 


Steel Castings 


Section 9. Para. 901 has been amended. 
Para. 915 has been amended and amplified to cover non-destructive testing. 


Sections 15 and 16 (Anchors) have been revised. 
Chain Cables, Stream Chains and Steering Chains 
Section 17. The Table for Short Link Chain Cables has been extended to cover special quality chains. 


The above additions and amendments were promulgated in Notice 2129 and in Notice 2139. A number of alterations of 
a minor or editorial nature have also been made. 


W. J. FERGUSON, 
Secretary and Chief Executive. 
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Chapter A 


GENERAL RULES AND REGULATIONS 
OF LLOYD'S REGISTER OF SHIPPING 


Section 1 


Tuts Society, founded in 1760 and reconstituted in 1834, was established for the purpose of obtaining for 
the use of Merchants, Shipowners, and Underwriters, a faithful and accurate Classification of Mercantile 
Shipping, and for the government of which the following Rules and Regulations have been from time to time 
adopted. 


Section 2 


The superintendence of the affairs of the Society to be under the direction of a General Committee composed 
of Merchants, Shipowners, and Underwriters (twenty-four elected in London, namely, nine by the Committee 
of Lloyd’s, twelve by the Committee of the London General Shipowners’ Society, and three by the Committee 
of the Institute of London Underwriters, and thirty-seven at the principal Outports), and the following, namely :— 
Shipbuilders and/or Engineers, not exceeding ten, who may be elected by the General Committee; additional 
Members not exceeding twelve, who may be elected by the General Committee; past Chairmen, Deputy-Chairmen 
and Treasurers, and Deputy-Chairmen and Chairmen of the Sub-Committees of Classification of the Society, 
who may be elected by the General Committee, and the following ex-officio Members, namely :— The Chairman, 
or, in his absence, the Deputy-Chairman, of the Corporation of Lloyd’s; the Chairman, or, in his absence, the 
Deputy-Chairman, of the London General Shipowners’ Society; the Chairman, or, in his absence, the Deputy- 
Chairman, of the Institute of London Underwriters, and the Chairman of each National Committee established 
abroad. 


Any Member (except an ex-officio Member, or a Member elected by the General Committee) who fails to 
attend any meetings of the General Committee for a period of six consecutive months, without leave of absence, 
shall cease to be a Member, and his place shall be filled up in the usual way. 


Nore.—Official intimation to be given in June of each year whether the Chairman or Deputy-Chairman 
of the Corporation of Lloyd’s, the Chairman or Deputy-Chairman of the London General Shipowners’ Society, 
and the Chairman or Deputy-Chairman of the Institute of London Underwriters, are to be the ex-officio Members 
for the ensuing twelve months. 


Section 3 


The General Committee reserve the right of varying or withdrawing the representation of Outports, and of 
Shipbuilders and Engineers; also the representation of Shipbuilders, Engineers, Steel Makers, and Forgemasters 
on the Technical Committee hereinafter mentioned, as well as the mode of election of Members. 


Section 4 


1. Seven of the Members elected in London, namely, three representatives of Lloyd’s, three representatives 
of the London General Shipowners’ Society, and one representative of the Institute of London Underwriters, 
to retire annually by rotation, but to be eligible for re-election. The vacancies so arising to be filled by the 
election of three representatives by the Committee of Lloyd’s, three representatives by the Committee of the 
London General Shipowners’ Society, and one representative by the Committee of the Institute of London 
Underwriters. 
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2. Of the Members elected at the Outports twenty-one to retire at the end of four years, and seven of the 
Members elected at Liverpool and the nine Members elected at Glasgow to retire annually. The retiring Members 
are eligible for re-election. 


3. All Members elected by the General Committee are to retire at the end of four years, and are to be eligible 
for re-election. 


Section 5 


The Committee to appoint Sub-Committees of Classification, to be so regulated that each Member of the 
General Committee may, in rotation, take his turn of duty thereon throughout the year. 


Section 6 


The Committee to appoint from their own body, annually, a Chairman and two Deputy-Chairmen; one being 
designated Deputy-Chairman and Treasurer and the other Deputy-Chairman and Chairman of the Sub-Committees 
of Classification. 


Section 7 


The Secretary, Clerks, and Servants of the Society, and the Surveyors, to be aici by and be under 
the direction of the General Committee. 


Section 8 


Special meetings to be convened by order of the Chairman, or one of the Deputy-Chairmen, or on the 
requisition of any three Members. 


Section 9 


All elections and appointments to be made by ballot, excepting when, in the election of Chairman or one 
of the Deputy-Chairmen, only one person is nominated for each office. 


Section 10 


No Member of the Committee to be permitted to be present on the decision of the classification of any ship 
of which he is the owner, or wherein he is directly, or indirectly, interested. 


Section 11 


1. The Committee to be empowered to make such By-Laws for their own government and proceedings 
as they may deem requisite, not being inconsistent with the original Rules and Regulations under which the 
Society was established; but no new Rule or By-Law to be introduced or any Rule or By-Law altered, without 
special notice being given for that purpose at the meeting of the Committee next preceding that at which such 
motion is intended to be made; such notice to be inserted in the summons convening the meeting. 


2. No new Rule, or alteration in any existing Rule materially affecting the classification of ships, to be 
applied compulsorily to ships of which the plans have been submitted and approved before the expiration of six 
months after the date when the change has been adopted. 


Section 12 


A Register Book to be printed annually for the use of Subscribers, containing the names of the ships with 
other useful information, and the character assigned, where the ships are classed by the Society; also the names, 
etc., of ships of 100 gross registered tons and upwards which are not classed with the Society. 


The terms of subscription to be such annual sum or sums as may from time to time be determined by the 
General Committee. 
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Section 13 
TECHNICAL COMMITTEE 


1. The Technical Committee to be constituted as follows :— 


Ex-officio— oni Under. ani, Engineers Others © TOTAL 
The Chairman of Lloyd’s Register ae 1 - ~ - - 1 
The Deputy-Chairman and Treasurer of Lloyd’s banister - 1 ~ ~ - 1 
The Deputy-Chairman and Chairman of the Sub- 
Committees of Classification ... ne — ACA 1 - - ~ ~ 1 


Nominated by— 


The General Committee of Lloyd’s Register a 5 3 2 - 12 
Institution of Naval Architects ... - 1 1 - 2 
North-East Coast Institution of opines wil shir 

builders ... : - - 1 1 ~ 2 
The Institution oe ir eer a Ripouilders in 

Scotland . a “3 a ee - - 1 1 - 2 
The Sin paiiane Contes x. a ~ - 5 ~ - 5 
The National Association of Marine Mnginahldate Pe - - ~ 3 ~ 3 
The Institute of Marine Engineers ees - - ~ 2 - 2 
The Society of Consulting Marine Engineers mn Ship 


Surveyors # = ~ - - 1 - 1 
Dry Dock Owners’ and Repairer Oaitval Cannel “ie ~ ~ - - 2 2 
The Iron and Steel Institute ae ee ta ee ~ — - - il 1 
British Iron and Steel Federation a i ms ~ ~ - - i" 1 
National Forgemasters’ Association ... : Fhe - - - ~ 1 1 
The Honourable Company of Master Marner. aa - - - - 1 1 
The Institution of Electrical Engineers .. 3 ~ - ~ = 1 1 
The British Electrical and Allied Manufantuneiat ; 


Association ee a - ~ ~ ~ 1 1 
National Committees of Lloyd’ S Rapaeey aired an - - ~ - 10 10 
The Technical Committee.. ie o - 2 2 - cs 

a ' 4 Ease other epee: mabceaas - - - - 8 8 

10 4 12 13 26 65 


The above nominations to be subject to confirmation by the General Committee. 


2. The function of the Technical Committee is to consider any technical problems connected with the 
Society’s business and any proposed alterations in the existing Rules, or to frame new Rules, for the classification, 
survey and building of ships (hulls and machinery). 


3. The term of office of all Members to be four years, one-fourth retiring each year, the Members so retiring 
to be eligible for renomination for a second term. No Member, other than the Chairman and/or Vice-Chairmen, 
who has served for two periods of four years to be eligible for renomination for a third term until after the 
expiration of at least one year. In the event of any vacancy occurring before the expiration of a term of four 
years a representative to be nominated to fill the vacancy for the unexpired portion of the term. 


4, With the exception of any Superintendents nominated by the Technical Committee, only those who are 
actually partners in firms, or directors or managers of joint stock companies, or of similar status, to be eligible 
for membership. 
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5. The Technical Committee to appoint from their own body, biennially, a Chairman, who must be a 
Member of the General Committee, and, if desired, two Vice-Chairmen, who need not be Members of the General 
Committee. The same Members not to be eligible to hold office for more than four years in succession, unless 
on the occasion of the third election a ballot—to be taken whether there be any other candidates or not—shows 
a majority in their favour of at least three-fourths of the Members present. The appointment of Chairman and 
of Vice-Chairmen to be confirmed by the General Committee. 


6. Meetings of the Technical Committee to be convened as often and at such times and places as may appear 
necessary, but there shall be at least three meetings in each year. 


7. Members desiring to propose alterations in, or additions to, the Rules for the classification, survey or 
building of ships (hull and machinery) shall give notice of all such proposals in writing to the Secretary. 


Every meeting to be convened by notice from the Secretary, if possible one month before the date of meeting; 
and the Secretary to send each Member an agenda paper as soon as possible thereafter. 


8. Any proposals of the Technical Committee involving any amendment of, or addition to, the Rules for 
the classification, survey or building of ships (hull and machinery) to be reported to the General Committee, who 
will refer them to a special meeting of the General Committee, as required by Section 11 of this Chapter. 


9. The Technical Committee to be empowered :— 
(i) to draw up, if they so desire, By-Laws for governing procedure at meetings; 
(ii) to appoint Panels of the Committee; 


(iii) to co-opt to the main Committee, or to such Panels, representatives of any organisation or 
industry or private individuals for the purpose of considering any particular problem. 


10. The General Committee reserve to themselves the right of varying, adding to, or rescinding, at their 
discretion, any or all the foregoing Regulations in this Section. 


Section 14. 


All reports of survey are to be made by the Surveyors according to the form prescribed, and submitted for 
the consideration of the General Committee, or of the Sub-Committees of Classification; but the character 
assigned by the latter to be subject to confirmation by the General Committee. 


Section 15 


The reports of the Surveyors (and all documents and proceedings relating to the classification of ships) 
are to be carefully preserved and shall, subject to the approval, in his absolute discretion, of the Chairman, or 
one of the Deputy-Chairmen, be open to the inspection of the Owner and of any other person authorised in 
writing by the Owner. 


Copies of reports will, subject to the approval of one of the Chairmen as indicated above, be supplied to 
Owners, or their representatives, on application. 


Section 16 


The Surveyors to the Society are not to be permitted (without the especial sanction of the Committee) to 
receive any fee, gratuity, or reward whatsoever for their own use or benefit, for any service performed by them 
in their capacity of Surveyors to this Society, on pain of immediate dismissal. 
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Section 17 


While the Committees of the Society use their best endeavours to ensure that the functions of the Society 
are properly executed, it is to be understood that neither the Society nor any Member of any of its Committees 
is under any circumstances whatever to be held responsible for any inaccuracy in any report or certificate issued 
by the Society or its Surveyors, or in any entry in the Register Book or other publication of the Society, or for 
any error of judgment, default or negligence of any of its Committees or any Member thereof, or the Surveyors, 
or other Officers or Agents of the Society. 


Section 18 


The funds and accounts to be under the authority and control of the Committee. 


Section 19 


Fees are chargeable for all surveys held by the Society’s Surveyors at ports in the United Kingdom in 
accordance with established scales. 


For all surveys held at ports abroad fees will be chargeable according to the nature and extent of the 
services rendered. 
Travelling expenses incurred by the Surveyors in connection with the above services are also chargeable. 


Section 20 


The class of a ship is liable to be withheld, or, if already granted, may be withdrawn or expunged from the 
Register Book, in the case of non-payment of any fees or expenses chargeable on account of such ship. 


31st March, 1955 
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Chapter B 
CLASSIFICATION REGULATIONS 


Section 1 
CLASSIFICATION 


General 


101 Steel ships built in accordance with the Society’s Rules and Regulations, or with alternative 
arrangements equivalent thereto (see B 501), will be assigned a class in the Register Book and will continue to 
be classed so long as they are found, upon examination at the prescribed annual and other periodical surveys, 
to be maintained in a fit and efficient condition and in accordance with the requirements of the Rules. 


The Committee, in addition to requiring compliance with the Society’s Rules, may require to be satisfied 
that very small ships, or ships of special type are suitable for the geographical limits of service contemplated. 


Classification will be conditional upon compliance with the Society’s requirements in respect of both hull 
and machinery (i.e., main and auxiliary engines, boilers, essential appliances, pumping arrangements and 
electrical equipment). 

The Rules are framed on the understanding that ships will be properly loaded and handled; they do not 
provide for special distributions or concentrations of loading. The Committee may also require additional 
strengthening to be fitted in any ship which, in their opinion, may be subjected to severe stresses due to particular 
features in her design or when it is desired to make provision for exceptional loaded or ballasted conditions. In 
these cases particulars are to be submitted for consideration. 


The responsibility for ensuring sufficient stability and suitable trim does not rest on the Committee. 


The attention of Owners and Builders is directed to national and international statutory safety regulations 
for passenger and cargo ships governing arrangements not covered by the Society’s Rules and Regulations. 


Character of Classification and Class Notation 


102 Class 100A1. This class will be assigned to sea-going ships built in accordance with the Society’s Rules 
and Regulations for the draught required. 


103 Class 100A1 oil tanker. This class will be assigned to sea-going tankers intended to carry oil in bulk 
and built in accordance with the Society’s Rules and Regulations for the draught required. 


Where the scantlings and arrangements have been approved by the Committee for the carriage of oil having a 
flash point above 150° F., or other liquid cargoes in bulk, the class notation affixed to the character will be suitably 
modified to show the nature of the cargo. 


104 Class 100A1 ore carrier. This class will be assigned to sea-going ships specially designed for the carriage 
of ore and built in accordance with the Society’s Rules and Regulations for the draught required. 


105 Class 100A1 trawler. This class will be assigned to all trawlers built in accordance with the Society’s 
Rules and Regulations for the Construction of Steel Trawlers. 


106 Class 100A1 tug. This class will be assigned to all sea-going tugs built in accordance with the Society’s 
Rules and Regulations for such ships. 
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107 Class 100A1 for restricted service or for special purposes. This class will be assigned to sea-going ships 
intended to operate within specific limits or for special purposes and built in accordance with the Society’s 
Regulations and the scantlings, arrangements and equipment specially approved by the Committee for such ships. 
The class notation affixed to the character in the Register Book will indicate the geographical limits of the service 
or the particular purpose for which the class is assigned. 


108 Class Al for restricted service. This class will be assigned to ships intended to trade only within specially 
sheltered waters, such as harbours, rivers or estuaries, provided the scantlings, arrangements and equipment are 
approved by the Committee as suitable for such service. The class notation affixed to the character will indicate 
the geographical limits for which the ship has been approved. 


109 Special cargoes. In dry cargo ships any compartments intended for the carriage of liquid cargoes, such 
as vegetable or mineral oils, having a flash point above 150° F., which are in accordance with the requirements 
of the Rules relating thereto, will have an appropriate class notation entered in the Register Book. 


Descriptive Notations 


110 Ships for special duties. When a ship is designed to fulfil specific duties, a description of these duties 
indicating the special features incorporated in the ship may be entered in the Register Book, e.g., dredger, hopper 
barge. 


Where the scantlings and arrangements have been approved by the Committee for cargoes of a special nature, 
a notation indicating the nature of such cargo may be entered in the Register Book. 


Strengthening for Navigation in Ice 


111 Where an ice class notation is desired, additional strengthening is to be fitted in accordance with the 
special requirements given in the Rules which are based on Baltic conditions. Three classes of ice strengthening 
are detailed in the Rules:— 


Ice Class 1 strengthening is for ships intended to navigate in severe ice conditions. 
Ice Class 2 strengthening is for ships intended to navigate in intermediate ice conditions. 
Ice Class 3 strengthening is for ships intended to navigate in light ice conditions. 


It is the responsibility of the owner to determine which notation is most suitable for his requirements. 


Other Notations 


112 Descriptive notations may be entered in the Register Book when deemed necessary by the Committee 
to indicate any special features in the design or construction of a ship or its machinery or to indicate any 
special service. 


Section 2 
EQUIPMENT 


201 The figure 1 in the character of classification assigned to a ship indicates that her equipment of anchors, 
chain cables and hawsers is in good and efficient condition and in the cases of ships not classed for a special or 
restricted service, in accordance with the requirements of the Rules. In the case of ships classed for a special or 
restricted service, the figure 1 indicates that the equipment has been approved by the Committee as suitable for the 
particular service. 


B 107-B201 8 


CLASSIFICATION REGULATIONS Chapter B 


202 When the equipment of a ship is not supplied or maintained in accordance with the requirements of 
the Rules but is considered by the Committee to be acceptable for the particular service, the Committee may agree 
to the figure 1 being omitted and a line inserted after the character, thus, 100A—. In cases where the equipment 
is found to be seriously deficient in quality or quantity, the class of the ship will be liable to be withheld or 
expunged from the Register Book. Special consideration will be given to ships intended to be classed for which, 
by reason of their particular purpose or service, normal equipment may be unnecessary. In such cases the figure 1 
may be omitted from the character of classification, viz. 100A. 


Section 3 
MACHINERY 


301 The machinery, as defined in B 101, is to be constructed and installed on board ship in accordance 
with the Society’s Rules and Regulations. On satisfactory completion of trials, an appropriate class notation 
will be assigned in the Register Book, thus, LMC (Lloyd’s Machinery Certificate). 


Section 4 
MATERIALS 


401 The materials used in the construction of hulls and machinery intended for classification, or in the 
repair of ships already classed, are to be of good quality and free from defects and are to be tested under the 
supervision of the Society’s Surveyors in accordance with the requirements of Chapter P. The steel is to be 
manufactured by an approved process at works recognised by the Committee. 


Section 5 
EQUIVALENT ARRANGEMENTS 


501 Alternative arrangements to those prescribed in the Rules will be permitted, provided they are 
considered by the Committee to be equivalent to the Society’s requirements. The Owners’ consent shall be 
obtained to such alternatives when the Committee deem this necessary. 


Section 6 
NEW CONSTRUCTION 
Submissions of Plans 


601 When it is intended to build a ship for classification with the Society, constructional plans and 
particulars of the hull, equipment and machinery (see B 101), as detailed in the Rules, are to be submitted 
through the local Surveyors for the approval of the Committee before the work is commenced. 


Any subsequent modifications or additions to the scantlings, arrangements or equipment shown on the 
approved plans are also to be submitted for approval. 


Novel Forms of Construction 


602 Where the proposed construction of any part of the hull or machinery is novel in design, or involves 
the use of unusual material, or where experience, in the opinion of the Committee, has not sufficiently justified 
the principle or mode of application involved, special tests or examinations before and during service may be 
required. A suitable notation will be inserted in the Register Book when the Committee consider this necessary. 
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Special Survey during Construction 

603 New ships intended for classification are to be built under the Society’s Special Survey and when 
classed will be entitled to the distinguishing mark *k inserted before the character in the Register Book, 
thus: 100A1. 

New machinery for ships classed or intended for classification is to be constructed under the Society’s 
Special Survey, and on completion will be entitled to the distinguishing mark *F inserted before the machinery 
class notation in the Register Book, thus: LMC. 

From the commencement of the work until the completion of the ship and final test of the machinery under 
working conditions, the Surveyors are to examine the materials, workmanship and arrangements. Any items . 
not in accordance with the Rules or the approved plans, or any material, workmanship or arrangement found 
to be unsatisfactory are to be rectified. 


Date of Build 

604 The date of completion of the Special Survey during Construction of ships built under the Society’s 
inspection will normally be taken as the date of build to be entered in the Register Book. If the period 
between launching and completion or commissioning is, for any reason, unduly prolonged, the dates of 
launching and completion or commissioning may be separately indicated in the Register Book. 


When a ship upon completion is not immediately put into commission, but is laid up for a period, the 
Committee, upon application by the Owner, prior to the ship proceeding to sea, may direct an examination 
of the ship to be made in dry dock by the Society’s Surveyors. If, as the result of such survey, the hull and 
machinery be reported in all respects free from deterioration, the subsequent Special Survey will date from 
the time of such examination. 


Section 7 
CLASSIFICATION OF SHIPS NOT BUILT UNDER SURVEY 


701 The requirements of the Committee for the classification of ships which have not been built under 
the Society’s survey are set forth in C11. 


Section 8 
PERIODICAL SURVEYS 
Annual and Docking Surveys 

801 All steel ships classed with the Society are subject to survey at intervals of approximately one year, 
in accordance with the requirements set forth in C 1. 

Owners or their representatives should notify the Society or its Surveyors whenever a ship can be examined 
in dry dock or on a slipway. It is desirable that ships should be.examined in dry dock at intervals of about 
12 months ; the maximum interval is to be two years. 

The date of the last examination in dry dock or on a slipway will be recorded in the Supplement to the 
Register Book. 


Special Surveys 

802 All steel ships classed with the Society are also to be subjected to Special Surveys in accordance with 
the requirements set forth in C 2 to C7. These surveys become due at 4-yearly intervals, the first 4 years from 
the date of build or date of Special Survey for Classification, and thereafter 4 years from the date of the previous 
Special Survey. 
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Period allowed for completion of Special Surveys 


803 When it is inconvenient for Owners to fulfil all the requirements of a Special Survey at its due date, 
the Committee will be prepared to consider its postponement, either wholly or in part, provided that the 
Society’s Surveyors are afforded an opportunity, about the due date, of assessing the general condition of hull 
and machinery. For this purpose the Committee will normally call for a general examination of the ship, 
including drydocking, of sufficient extent to be assured that her condition is satisfactory for the period of grace 
desired, which is not to exceed 12 months from the due date. 


Special Surveys which are commenced prior to their due date are not to extend over a period greater than 
12 months, except with the prior approval of the Committee, who will be prepared to consider suitable 
arrangements for carrying out Special Surveys over an extended period in the case of ships engaged on a 
regular schedule. 


Record of Special Surveys 


804 Ships which have satisfactorily passed a Special Survey will have a record entered in the Supplement 
to the Register Book indicating the date. For Special Surveys at which the prescribed requirements as to drilling 
of the shell and strength deck plating have been complied with, the record (Dr) will be entered. Where a Special 
Survey is not completely carried out at one time, the date recorded in the Supplement will be the date at which 
the principal part of the requirements is complied with. Records of Special Survey will not be assigned until 
the Society’s requirements for machinery surveys detailed in 806 or 807 are satisfactorily completed. 


Progressive Surveys 


805 In the case of passenger ships engaged on a regular service, when the exigencies of the service 
render it difficult to carry out the Special Surveys at the times prescribed in this Section, the Committee will 
be prepared, at the request of Owners, to consider suitable arrangements for a progressive survey of the hull. 
In such cases all compartments of the hull are to be progressively surveyed and tested, so that the survey 
cycle is completed during the period normally allowed by the Regulations between Special Surveys, and the 
time which elapses between consecutive examinations and testing of each compartment is not to exceed that 
period. The machinery surveys in these cases are to be carried out as required for continuous surveys. 


Records in respect of such progressive surveys will be made in the Supplement to the Register Book, and 
the classification certificates endorsed as considered necessary by the Committee. 


Surveys of Machinery 
806 Machinery, as defined in B 101, is to be submitted to the surveys set forth in C 4 to C 10. 


Complete Surveys are to be carried out as part of the Special Survey and, whether or not they are commenced 
prior to their due date, are not to extend over a period greater than 12 months without approval. On satisfactory 
completion of the survey an appropriate record will be made in the Supplement to the Register Book. When a 
Complete Survey of the machinery is not carried out at one time the date recorded in the Supplement will be that 
on which the major portion of the survey is carried out. 


If it is found desirable that any part of the machinery should be again examined before the due date of the 
next survey, a certificate for a limited period will be granted in accordance with the nature of the case. 


Continuous Surveys of Machinery 

807 When, at the request of Owners, it has been agreed by the Committee that the Complete Survey of 
the machinery may be carried out on the continuous survey basis, the various items of machinery should, so far 
as practicable, be opened for survey in rotation to ensure that the interval between consecutive examinations 
of each item will not exceed the four-yearly period normally allowed by the Regulations between Special Surveys. 
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In such cases a record indicating the date of completion of the cycle will be made in the Supplement to 
the Register Book. 

Where it is inconvenient for Owners to carry out a Special Survey of a ship at its due date, and proposals 
for its postponement, either wholly or in part, have been submitted to and approved by the Committee, the 
Continuous Survey of the machinery should still proceed as described above during the period of postponement 
of the Special Survey. 


If the examination during Continuous Survey reveals any defects, further parts are to be opened up and 
examined as considered necessary by the Surveyor and the defects made good to his satisfaction. 


Boiler, Steam Pipes and Screw Shaft Surveys 


808 Boiler Surveys, examination of Steam Pipes and Screw Shaft Surveys should be carried out as set 
forth in C8, C9 and C10. On satisfactory completion, appropriate records will be made in the Supplement to 
the Register Book. 


Section 9 
REFRIGERATION 


901 On application from Owners, refrigerated cargo installations which comply with Chapter N of the 
Rules and are favourably reported on by the Surveyors will be assigned an appropriate class in accordance with 
N 1. Certificates will be issued and the class notation, together with the particulars of the installation, will be 
entered in the Supplement. 


902 The class assigned will be retained provided the installation is found to be in a good and efficient 
condition at the Periodical, Loading Port and other Surveys set forth in N 8. 


Section 10 


REPAIRS AND ALTERATIONS 
Repairs 


1001 All repairs to hull, equipment and machinery which may be required in order that a ship may 
retain her class are to be carried out under the inspection of, and to the satisfaction of, the Society’s Surveyors. 
When repairs are effected at a port where there is no Surveyor to this Society, the ship is to be surveyed by one 
of the Society’s Surveyors at the earliest opportunity. 


1002 When at any survey the Surveyors consider repairs to be necessary, either as a result of damage, 
or of wear and tear, they will communicate their recommendations at once to the Owners, or their representative, 
and if compliance therewith cannot be arranged, immediate notification will be given by the Surveyors to the 
Committee. 


Alterations 


1003 Plans and particulars of any proposed alterations to the approved scantlings and arrangements of 
hull, equipment, or machinery are to be submitted for approval and such alterations are to be carried out under 
the inspection of, and to the satisfaction of, the Society’s Surveyors. 
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Section 11 
APPEAL FROM SURVEYORS’ RECOMMENDATIONS 


1101 If the recommendations of the Society’s Surveyors are considered in any case to be unnecessary 
or unreasonable, appeal may be made to the Committee, who may direct a special examination to be held. 


Section 12 
NOTICE OF SURVEYS 


1201 It is the responsibility of Owners to ensure that all surveys necessary for the maintenance of class 
are carried out at the proper time under the supervision of the Society’s Surveyors. 


It is, however, the normal practice of the Society to give timely notice to Owners when Special Surveys 
become due, but the non-receipt of such notice, or of notice regarding other surveys, does not absolve Owners 
from this responsibility. 


Section 13 
CERTIFICATES 


1301 When the required reports on completion of the Special Surveys of new ships, or of existing ships 
submitted for classification, have been received from the Surveyors and approved by the Committee, certificates 
of first entry of classification, signed by the Chairman, Deputy-Chairman and Treasurer, or Deputy-Chairman 
and Chairman of the Sub-Committees of Classification, and countersigned by the Secretary, will be issued to 
Builders or Owners. 


1802 Certificates of class maintenance in respect of completed periodical surveys of hull and machinery 
will also be issued to Owners on application. . 


1303 The Society’s Surveyors are permitted to issue provisional certificates to enable a ship, classed with 
the Society, to proceed on her voyage provided that, in their opinion, she is in a fit and efficient condition. Such 
certificates will embody the Surveyor’s recommendations for continuance of class, but in all cases are subject 
to confirmation by the Committee. 


Section 14 


WITHDRAWAL OF CLASS 
Owners’ Request 


1401 When the class of a ship, for which the Regulations as regards surveys on hull, equipment and 
machinery have been complied with, is withdrawn by the Committee in consequence of a request from the 
Owners, the notation “Class WITHDRAWN at Owners’ request’’ (with date) will be made in the Supplement and, 
in due course, the notation “LR class w’drn.”’ (with date) will be made in the Register Book.” 


Non-Compliance with the Regulations 


1402 When the Regulations as regards surveys on the hull or equipment or machinery have not been 
complied with and the ship thereby is not entitled to retain her class, the class will be expunged and the 
notation “Class ExpUNGED—Non-compliance with Regulations” (with date) will be made in the Supplement 
and, in due course, the notation “LR class expgd.”’ (with date) will be made in the Register Book. 
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Reported Defects 


1403 When it is found from reported defects in the hull or equipment or machinery that a ship is not 
entitled to retain her class in the Register Book, and the Owners fail to repair such defects in accordance with 
the Society’s requirements, the class will be expunged and the notation “Class ExpUNGED—Reported defects” 
(with date) will be made in the Supplement and, in due course, the notation “LR class expgd.”’ (with date) will 
be made in the Register Book. 


Infringement of Freeboard Conditions 


1404 Where any ship proceeds to sea with a less freeboard than that approved by the Committee or where 
the freeboard marks are placed higher on the ship’s sides than the position assigned or approved by the 
Committee, the ship’s class will be liable to be expunged. 


Section 15 
RECLASSIFICATION OF SHIPS 


1501 When reclassification is desired for a ship for which the class previously assigned has been withdrawn, 
or expunged, the Committee will direct a Special Survey for Reclassification, appropriate to the age of the ship 
and the circumstances of the case, to be carried out by the Society’s Surveyors. 


If at such survey the ship be found or placed in a good and efficient condition in accordance with the 
requirements of the Rules and Regulations the Committee will be prepared to reinstate her original class or 
assign such other class as may be deemed necessary. 


The date of reclassification will be recorded in the Supplement to the Register Book. 


23rd April, 1959 
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Section 1 


ANNUAL SURVEYS 


101 Annual Surveys as required by B 801 should, whenever practicable, be held concurrently with statutory 
annual or other load line surveys. 


102 When a ship is in dry dock or on a slipway she is to be placed on blocks of sufficient height and proper 
staging is to be erected as may be necessary for the examination of the shell plating, sternframe and rudder. 


103 The Surveyor is to examine the ship externally and, as necessary, internally in order to satisfy himself 
generally as to her condition. Attention is to be given to parts of the structure particularly liable to excessive 
corrosion or to deterioration from causes such as chafing, lying on the ground or handling of cargo. 
Attention is also to be given to any undue unfairness of the plating of the bottom or strength decks and to structural 
discontinuities and corners of openings in the strength decks and topsides. 


104 When a statutory load line survey is held concurrently with the annual classification survey, the 
Surveyor will carry out such examination of the conditions of freeboard assignment as is required by the Load 
Line Regulations. In any case, however, the Surveyor at an Annual Survey is to satisfy himself as to the efficient 
conditioy of the following :— 


Hatchways and their closing and securing appliances on freeboard and superstructure decks. 


Exposed casings, superstructure bulkheads, companionways, ventilator coamings, air pipes, fiddley openings, 
flush bunker scuttles, and skylights with their closing appliances, which protect openings in freeboard or super- 
structure decks. 


Gangways, cargo and coaling doors, ash shoots and other openings in the ship’s sides, with their securing 
appliances; also freeing port shutters in bulwarks. 


The Surveyor should satisfy himself regarding the freeboard marks on the ship’s side. 
105 The Surveyors are to examine the steering arrangements. Attention is to be paid to the 
examination of all parts of rod and chain gears. All pins are to be examined and the chain in the vicinity of the 


blocks is to be cleaned and examined for wear and tear. Any length of chain so worn that its mean diameter 
at its most worn part is reduced to the size given in Chapter D, Table 55, is to be renewed. 


All replacements of chains are to be subjected, under the Society’s supervision, to the proof tests as set 
forth for short link cables in P 17 and the certificates are to be produced. It is recommended that, in addition, 
the breaking test as required in P 17 should be applied to these chains, and that the tests be made at a proving 
establishment recognised by the Committee. 


It is recommended that repaired chains be tested by the repairers and a certificate to that effect produced. 
It is recommended that a set of spares as required by D 2710 be provided. 


The various parts of the auxiliary steering gear are to be assembled and examined in order to ascertain that 
the gear is in good and workable condition. 


15 € 101-0105 


eae 


SR 


a 


Chapter C LLOYD’S REGISTER OF SHIPPING 


106 The windlass, anchors and general equipment so far as accessible are to be examined. 
When chain cables are ranged they should be examined by the Surveyor. 


Masts and rigging are to be examined by the Surveyor when deemed necessary on occasions other than 
Special Surveys. 


107 The requirements for the survey of main and auxiliary engines, boilers and electrical equipment, are 
set forth in C 4 to C 10. 


Surveys for Damage or Alterations 


108 At any time when a ship is undergoing damage repairs or alterations, any exposed parts of the structure 
normally difficult of access should be specially examined, e.g., if any part of the main or auxiliary machinery, 
including boilers, or insulation or fittings is removed for any reason the steel structure in way should be carefully 
examined by the Surveyor, or when cement in the bottom or covering on decks is removed the plating in way 
should be examined before the cement or covering is relaid. 


Section 2 


_ SPECIAL SURVEYS—HULL REQUIREMENTS 
(for Tankers, see also C 3.) 


(A) At the Special Survey of ships under 5 years old 


201 The ship is to be placed on blocks of sufficient height in a dry dock, or on a slipway; proper staging 
is to be erected as necessary and the shell plating, sternframe and rudder are to be examined. 


The rudder is to be lifted for examination of pintles if deemed necessary by the Surveyor. 


202 The holds, peaks, deep tanks, engine and boiler spaces, coal bunkers and other spaces are to be cleared 
and cleaned as necessary and examined. The bilges and limbers all fore and aft are to be cleaned and the structure 
examined. Platform plates in engine and boiler spaces are to be lifted as may be necessary for the examination 
of the structure below. 


Where necessary close and spar ceiling, lining and pipe casings are to be removed for examination of the 
structure. 


203 In ships having a single bottom, a sufficient amount of close ceiling is to be lifted all fore and aft on 
each side from the bottom and bilges to permit the structure below to be examined. Where the ceiling is fitted 
in hatches, these are to be lifted. 


204 In ships having a double bottom, a sufficient amount of ceiling is to be removed from the bilges and 
inner bottom to enable the condition of the plating to be ascertained. If it is found that the plating is clean and in 
good condition, and free from rust, the removal of the remainder of ceiling may be dispensed with. The 
Surveyor may waive the removal of heavy reinforced compositions if there is no evidence of leakages, cracking 
or other faults in the composition. 


205 The steelwork is to be exposed and cleaned as may be required for its proper examination by the 
Surveyor. Careful examination is to be made of parts of the structure particularly liable to excessive corrosion 
or to deterioration from causes such as chafing, lying on the ground, or handling of cargo. 

Attention is to be given to the examination of gangway, cargo or coaling doors, ash shoots and to the shell 
plating in way of these and other openings. 
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The Surveyor may require to ascertain by drilling or other approved means, the thickness of the material in 
any portion of the structure where signs of wastage are evident or wastage is normally found. Any parts of the 
structure which are found defective or materially reduced in scantlings are to be made good by materials of the 
approved scantlings and quality. Attention is to be given to the structure in way of discontinuities. Surfaces 
are to be recoated as necessary. 


206 In cases where the inner surface of the bottom plating is covered with cement, asphalt or other 
composition the removal of this covering may be dispensed with, provided it be carefully inspected, tested 
by beating or chipping, and found sound and adhering satisfactorily to the steel. 


207 Double bottom compartments, peak tanks and all other tanks are to be tested by a head sufficient to 
give the maximum pressure that can be experienced in service. 


Tanks may be tested afloat provided their internal examination is also carried out afloat. 


Tanks forming parts of the main structure, except as stated below, are to be cleaned and examined internally, 
special attention being given to tanks under boiler spaces. Tanks (excluding peak tanks) used exclusively for 
carrying oil fuel need not be examined internally, provided after external examination and testing in accordance 
with the requirements set out above, the Surveyor finds the condition of these compartments satisfactory. 


208 All decks, machinery and other casings, superstructures, skylights, companionways, ventilators, and 
air pipes together with all opening and closing appliances, are to be examined. Attention should be given to the 
examination of strength decks and topsides in way of the corners of openings and at other discontinuities. 


209 Wood decks or sheathing are to be examined; if decay or rot is found or the wood is excessively worn 
it should be renewed. When a wood deck, laid on stringers and ties, originally required to be 3 inches is worn 
to 24 inches, or 24 inches to 2 inches, it is to be renewed. 


Attention is to be given to the condition of the plating under wood decks, sheathing or other deck 
covering. If it is found that such coverings are broken or are not adhering closely to the plating, sections should 
be removed as necessary to ascertain the condition of the plating. (See also C 108.) 


210 The hatchway coamings are to be examined. Covers, hatch beams and supports throughout, tarpaulins, 
cleats, battens and other means of securing the hatchways, are to be examined separately and in position. 
Attention should be paid to the means of ensuring watertightness of steel hatch covers. 


211 The masts, rigging, anchors and general equipment are to be examined. If the chain cables are ranged 
they should be examined. (See Chapter D, Table 55, for renewals.) 


212 ‘The steering gear, and its connections and control gear are to be examined and all parts of rod and 
chain gears are to be dismantled, cleaned and examined. (See also C 402, Steering Machinery.) Any length of 
chain so worn that its mean diameter at its most worn part is reduced to the size given in Chapter D, Table 55, 
is to be renewed. 


All replacements of chains are to be subjected, under the Society’s supervision, to the proof tests as given 
for short link cables in P 17, and the certificates are to be produced. It is recommended that, in addition, the 
breaking test as required in P 17 should be applied to these chains, and that the tests be made at a proving 
establishment recognised by the Committee. 


It is recommended that repaired chains be tested by the repairers and a certificate to that effect produced. 
It is recommended that a set of spares as required by D 2710 be provided. 


The various parts of the auxiliary steering gear are to be assembled and examined to ascertain that the gear 
is in good and workable condition. 
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213 The windlass (see C 402), pumps, suctions, watertight doors, sidescuttles and deadlights, freeing port 
shutters, overboard scuppers and discharge pipes, and air and sounding pipes are to be carefully examined. 


When examining tanks internally the Surveyor is to see that striking plates are fitted under sounding pipes. 


214 Where holds are insulated for the purpose of carrying refrigerated cargoes, and the hull in way of the 
insulation was examined by the Society’s Surveyors at the time such insulation was fitted, it will be sufficient 
to remove the limbers and hatches to enable the framing and plating in way to be examined; in other cases 
additional insulation is to be removed as necessary to satisfy the Surveyor as to the condition of the structure. 
(See also N 8.) 


215 The freeboard recorded in the Appendix to the Register Book is to be verified. 


216 The main and auxiliary engines and boilers and electrical equipment are to be examined in accordance 
with the requirements of-C 4 to C 10 and favourably reported on by the Society’s Engineer Surveyors. 


(B) At each Special Survey of ships between 5 and 10 years old.— THE FULL REQUIREMENTS OF 201 To 216 ARE 
TO BE COMPLIED WITH, TOGETHER WITH THE FOLLOWING :— 


217 A sufficient amount of ceiling in the holds and in coal bunkers is to be removed from the bilges and 
inner bottom to enable the condition of structure in the bilges, the inner bottom plating, pillar feet, and the 
bottom plating of bulkheads and tunnel sides to be examined. If the Surveyor deems it necessary, the whole of 
the ceiling is to be removed. 


218 In ships having a single bottom the limber boards and ceiling equal to not less than three strakes 
all fore and aft on each side are to be removed, one such strake being taken from the bilges. Where the ceiling is 
fitted in hatches, the whole of the hatches and at least one strake of ceiling in the bilges are to be removed. If 
the Surveyor deems it necessary the whole of the ceiling and limber boards are to be removed. 


219 Tanks used exclusively for oil fuel need not all be internally examined, provided the Surveyor is satisfied 
from an external examination and from a check internal examination of the midship end of one selected double 
bottom tank forward and one aft and of one selected deep tank. 


Lubricating oil tanks need not be examined internally. 


220 The chain cables are to be ranged for inspection, and the anchors and chains examined. If any 
length of chain cable is found to be reduced in mean diameter at its most worn part to the extent indicated in 
Chapter D, Table 55, it is to be renewed. 


221 The chain locker is to be cleaned and examined internally. 


(C) At each Special Survey of ships over 10 years old.—TuHr FULL REQUIREMENTS OF 201 TO 221 ARE TO BE 
COMPLIED WITH, TOGETHER WITH THE FOLLOWING :— 


222 The steel work is to be cleaned and the rust removed. 


223 Casings of air, sounding, steam and other pipes, spar ceiling and lining in way of the sidescuttles 
are to be removed as required by the Surveyor. 


224 If the Surveyor is satisfied after removal of portions of the ceiling in the holds, that the steel work 
is in good condition, free from rust, and coated, the removal of the whole may be dispensed with. In coal 
bunkers, however, the whole of the ceiling is to be removed. 


225 Attention is to be given by the Surveyor to the inside of coal bunkers and the parts in way of the boilers. 
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226 Attention is also to be paid to the possibility of local wastage and grooving, e.g., at the shell plating 
along the heel of framing members. 


227 All double bottom and other tanks, including oil fuel bunkers, are to be cleaned as necessary to permit 
of their being examined internally. 


228 The cement chocks on the ship’s sides at bilges and decks are to be examined, and portions removed, 
so that the condition of the shell plating and adjacent steel work can be ascertained. Portions of wood sheathing, 
or other covering, on steel decks are to be removed as considered necessary by the Surveyor in order to ascertain 
the condition of the plating. 


229 Where the holds are insulated for the purpose of carrying refrigerated cargoes, the limbers and hatches 
are to be lifted, and sufficient insulation is to be removed in each of the chambers to enable the Surveyor to satisfy 
himself of the condition of the framing and plating. (See also N 8.) 


230 All mast wedging is to be removed and renewed as necessary. 


(D) At the first Special Survey held after the ship is 24* years old and at every 12* years thereafter or at the next 
Special Survey after the expiration of the latter period—TuHr FULL REQUIREMENTS OF 201 To 230 ARE TO 
BE COMPLIED WITH, TOGETHER WITH THE FOLLOWING :— 


231 In addition to the drilling required by 205 to ascertain local wastage the shell plating and plating of 
strength decks are to be gauged by drilling or other approved means to determine the amount of any general 
diminution in thickness. The gauging is to be done in at least two places in each strake of plating on each side 
within the amidships half length, preferably clear of coal bunkers and deep tanks. 

All paint and rust is to be entirely removed before the plates are gauged by the Surveyor and the actual 
thicknesses are to be reported in detail to the Committee. Where drilled plates are renewed the thickness of 
adjacent plates in the same strake should be reported. 

The thickness of bottom plating in way of cement is to be ascertained unless the Surveyor, after an internal 
and external examination, is entirely satisfied that this is unnecessary. Selected portions of the cement are to be 
removed from the bottom and bilge if required by the Surveyor. 


232 Where the holds are insulated for the purpose of carrying refrigerated cargoes, the limbers and hatches 
are to be lifted, and sufficient additional insulation is to be removed in each of the chambers to enable the 
Surveyor to satisfy himself of the condition of the steel structure, and to enable the thickness of the shell plating 
to be ascertained as required by 231. 


* For tankers see C 306. 


Section 3 
SPECIAL SURVEYS—TANKERS 


Huu REQUIREMENTS ADDITIONAL TO THOSE STATED IN C2 


Preparation and Inspection of Tanks 

301 At all Special Surveys all cargo tanks and cofferdams are to be cleaned out, thoroughly cleared of gas, 
and examined. Every precaution is to be taken to ensure safety during inspection. 

Attention is to be given to the inside of the bottom plating in order to ensure that there is no 
excessive pitting of the plating. When extensive pitting is found care should be taken to preserve the longitudinal 
strength of the bottom by the requisite renewals or repairs. In cases where cement has been laid in the bottom 
the Surveyor is to satisfy himself that there is no active corrosion under the cement. 
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802 ‘The strums of the cargo suction pipes are to be removed to facilitate examination of the shell plating 
and bulkheads in that vicinity, unless other means for visual inspection of these parts are provided. 


Testing 

808 Each cargo tank bulkhead is to be tested at Special Surveys A and B by filling alternate tanks with 
water to the top of the hatchway. But at subsequent Special Surveys, or earlier if considered necessary by the 
Surveyor, all tanks are to be tested. 


804 Tanks may be tested when the ship is afloat, provided the internal examination of the bottom is also 
carried out afloat. 


305 Where extensive repairs have been effected to the shell plating, the tanks should be tested to the 
Surveyor’s satisfaction. 
Drilling 

806 The thickness of shell and deck plating in way of tanks is to be ascertained by drilling or other approved 


means at the first Special Survey after the ship is 12 years old and at every 8 years thereafter or at the next 
Special Survey after expiration of the latter period. (See C 231.) 


Section 4 
GENERAL REQUIREMENTS—MACHINERY 
APPLICABLE TO ALL SHIPs 
At each Survey held in dry dock 


401 When the ship is in dry dock the propeller, sternbush and sea connection fastenings are to be examined. 
The wear down of the sternbush or the efficiency of the oil gland should be ascertained. 


Special Surveys—Machinery Requirements 
402 At each Complete Survey required by B 806 the following parts are to be opened up and examined :— 


Sra CONNECTIONS 


While the ship is in dry dock all openings to the sea in the machinery spaces and pump rooms with the valves, 
cocks and the fastenings with which these are connected to the hull. 


SUAFTING ' ; 

All shafts (except screw and tube shafts for which special arrangements are detailed in C 1001), thrust 
block and all bearings. The lower halves of bearings need not be exposed if alignment and wear are found 
acceptable. 


Repuction Gears, complete with all wheels, pinions, shafts, bearings and gear teeth. 


AuxILiARY ENGINES, auxiliary air compressors with their intercoolers and safety devices, and all pumps and 
components used for essential services. 


SreeRING MACHINERY. 
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WINDLAss. 
Evaporators and their safety valves, which should be seen in operation under steam. 


SECURING ARRANGEMENTS 


The holding down bolts and chocks of main and auxiliary engines, gear cases, thrust blocks and tunnel bearings. 


Arr RECEIVERS 


All air receivers for essential services with their mountings, valves and safety devices are to be cleaned 
internally and examined internally and externally. If internal examination of the air receivers is not 
practicable, they are to be tested hydraulically to twice the working pressure. 


PumPING ARRANGEMENTS 


The valves, cocks and strainers of the bilge system including bilge injection, are to be opened up as 
considered necessary by the Surveyor and, together with pipes, are to be examined and tested under working 
conditions. The oil fuel, feed and lubricating oil systems and the ballast connections and blanking 
arrangements to deep tanks which may carry liquid or dry cargoes, together with all pressure filters, heaters 
and coolers used for essential services, are to be opened up and examined or tested as considered necessary by 
the Surveyor. All safety devices for the foregoing items are to be examined. 


Furi TANKS AND FIrrines 


Fuel tanks which do not form part of the ship’s structure are to be examined and if considered necessary 
by the Surveyor they are to be tested to the pressure specified for new tanks. The tanks need not be examined 
internally at the first survey if they are found satisfactory on external inspection. All mountings, fittings and 
deck controls are to be examined as far as practicable. 


Fire ExtincuisHine SystEMs In Macuinery Spaces AND Pump Rooms 


The apparatus is to be examined to ensure that it is maintained in an efficient condition. 


In addition to the above, detailed requirements for steam and internal combustion engines, omeeenet 
installations and boilers are given in C5, C6, C7 and C8 respectively. 


Section 5 


STEAM ENGINES—DETAILED REQUIREMENTS 
Complete Surveys 


501 In addition to the requirements of C 4 the working parts of the main engines and attached pumps and 
of auxiliary machinery used for essential services including bulkhead stop valves, manceuvring valves, cylinders, 
pistons, valves and valve gear, piston rods, connecting rods, crossheads and guides, the crank shafts of 
reciprocating engines and the blading, rotors and casings of turbine machinery are to be opened up and examined. 


Condensers, steam reheaters, desuperheaters which are not incorporated in the boilers and any other 
appliances used for essential services are to be examined to the satisfaction of the Surveyor, and if considered 
necessary they are to be tested. 


The manceuvring of the engines is to be tested under working conditions. 


21 C501 


Chapter C LLOYD’S REGISTER OF SHIPPING 


502 Exhaust steam turbines supplying power for main propulsion purposes in conjunction with 
reciprocating engines are, together with their gearing and appliances, steam compressors or electrical machinery, 
to be examined as far as practicable. Where cone connections to internal gear shafts are fitted, the coned ends 
are to be examined as far as practicable. 


503 In steam ships having essential auxiliary machinery driven by internal combustion engines, the prime 
movers of these auxiliaries are to be examined as detailed in C 601. 


Section 6 
INTERNAL COMBUSTION ENGINES—DETAILED REQUIREMENTS 


Complete Surveys 


601 In addition to the requirements of C4 the Complete Survey is to consist of the opening out and 
examination of the following parts: cylinders, covers, valves and valve gear, fuel pumps and fittings, scavenge 
pumps, scavenge blowers and their prime movers, superchargers, compressors, their intercoolers and safety 
devices, pistons, piston rods, crossheads, guides, connecting rods, crank shafts and all bearings, clutches, reverse 
gears, attached pumps, cooling system, crankcase door fastenings and explosion relief devices. ‘The electric 
ignition system, if fitted, is to be examined and tested. The manceuvring of engines is to be tested under working 
conditions. 


Where steam is used for essential purposes, the condensing plant, feed pumps, and oil fuel burning plant, 
are to be examined and the steam pipes examined and tested as detailed in C 9. 


602 Gas turbines and free piston gas generators: in addition to the requirements of C 4, the Complete 
Survey is to consist of the opening and examination of the following parts: the blading, rotors and casings of 
the turbines, the impellers or blading, rotors and casings of the air compressors, the combustion chambers, burners, 
intercoolers, heat exchangers, gas and air pressure piping and fittings, starting and reversing arrangements. 


Where gas turbines operate in conjunction with free piston gas generators, the following parts of the latter 
are to be opened and examined: the gas and air compressor cylinders and pistons and the compressor end covers, 
the valves and valve géar, fuel pumps and fittings, synchronising and control gear, cooling system, explosion 
relief devices, gas and air piping, receivers and valves including by-pass. The manceuvring of engines is to be 
tested under working conditions. 


Section 7 
ELECTRICAL EQUIPMENT 
701 At each Special Survey the electrical equipment is to be examined and tested in accordance with 702 
to 710. 


Nore.—In cases where the Committee have consented to Continuous Surveys, the electrical equipment 
may also be included in the survey cycle. (See B 807.) 


702 A test for insulation resistance is to be made on the cables, switchgear, generators, motors, heaters, 
lighting fittings, etc., and the insulation resistance is to be not less than 100,000 ohms between all insulated circuits 
and earth. The installation may be sub-divided to any desired extent by opening switches, removing fuses or 
disconnecting appliances for the purpose of this test. 


703 The fittings on main and emergency switchboards, section boards and sub-distribution fuse boards 
are to be examined and over-current protective devices and fuses inspected to verify that they provide suitable 
protection for their respective circuits. 


704 Generator circuit breakers are to be tested, as far as practicable, to verify that the protective devices 
including preference tripping relays, if fitted, operate satisfactorily. 
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705 ‘The electric cables are to be examined as far as practicable without undue disturbance of fixtures or 
casings unless opening up is considered necessary as a result either of observation or of the tests required by 702. 


706 The generator prime movers are to be surveyed as required by C 5 and C 6 and the governing of the 
engines tested. The motors concerned with essential services together with associated control and switch gear 
are to be examined and if considered necessary are to be operated as far as practicable under working conditions. 
All generators and steering gear motors are to be examined and are to be operated under working conditions 
though not necessarily under full load or simultaneously. 


707 Where transformers or electrical apparatus associated with supplies to essential services are oil-immersed, 
the Owners are to arrange for samples of oil to be taken and tested for breakdown voltage, acidity and moisture 
by a competent testing authority and a certificate giving the test results is to be furnished to the Surveyor. 


708 Where electro-magnetic couplings are fitted, the air gaps are to be measured and reported and any 
excessive eccentricity corrected. The couplings and associated switch gear are to be examined and tested. 


709 Navigation light indicators are to be tried under working conditions and correct operation on the 
failure of supply and failure of navigation lights verified. 


Electric Propelling Machinery 


710 Where the ship is electrically propelled, the propulsion motors, generators, cables, and all ancillary 
electrical gear, exciters and ventilating plant (including coolers) associated therewith are to be examined and the 
insulation resistance to earth is to be tested. Special attention is to be given to windings, commutators and 
slip-rings. The operation of protective gear and alarm devices is to be checked as far as practicable. Insulating 
oil, if used, is to be tested in accordance with 707. Interlocks intended to prevent unsafe operations or unauthorised 
access are to be checked to verify that they are functioning correctly. Emergency overspeed governors are to 
be tested. 


Section 8 
BOILER SURVEYS 


801 All boilers, including exhaust gas or steam heated steam generators, economisers, domestic boilers 
having a working pressure exceeding 50 Ib per square inch and a heating surface exceeding 50 square feet, also 
press boilers and similar apparatus in floating whale oil factories are to be surveyed at two-yearly intervals until 
they are 8 years old and subsequently annually. In boilers employing forced circulation the pumps used for this 
service are to be opened and examined at each boiler survey. 


802 At the surveys described in 801 the boilers, superheaters and economisers are to be examined internally 
and externally and where considered necessary the pressure parts are to be tested by hydraulic pressure 
and thickness of plates and tubes and size of stays are to be ascertained to determine a safe working pressure. 
The principal mountings on boilers, superheaters and economisers are to be opened up and examined and the 
safety valves adjusted under steam to a pressure not greater than 3 per cent above the approved working 
pressures of the respective parts. The remaining mountings are to be examined externally and are to be opened 
up for internal examination if considered necessary by the Surveyor. Collision chocks, rolling stays and boiler 
stools are to be examined and maintained in efficient condition. 


803 The oil fuel burning system is to be examined under working conditions and a general examination 
made of fuel tank valves, pipes, deck control gear and oil discharge pipes between pumps and burners. 


804 At each survey of a cylindrical boiler which is fitted with smoke tube superheaters, the saturated 
steam pipes are to be examined as detailed in C 905. 
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Section 9 
STEAM PIPES 
Steel Pipes 

901 At intervals of 6 years from the date of build, a selected number of main and superheater steam pipes 
and auxiliary steam pipes over 3 inches internal diameter, supplying steam for essential purposes at sea, are 
to be removed for internal examination and hydraulically tested to twice the working pressure. 

902 If these selected pipes are in all respects found to be satisfactory, the remainder need not be tested. 

903 In cylindrical boilers having smoke tube superheaters where the saturated steam pipes adjoining the 
saturated steam headers are in part situated in the boiler smoke boxes, all saturated steam pipes adjoining and 
cross-connecting the saturated steam headers in the smoke boxes are, at the above-mentioned intervals, to be 
included in the number of pipes selected for examination. 

904 Where the saturated steam pipes inside the smoke boxes consist of steel castings of substantial con- 
struction the requirements of 903 need only be applied to a sample casting. 

905 Where the steel castings in 904 are not fitted the Surveyor should satisfy himself of the condition of 
the ends of the saturated steam pipes inside the smoke boxes at each boiler survey, and if it is considered 
necessary a sample pipe should be removed for further examination. 

906 As an alternative to the requirements of 901 and provided the saturated steam pipes are dealt with as 
detailed in 903, 904 and 905, the remainder of the steam pipes may, at the Owners’ desire, be hydraulically 


tested in place to twice the working pressure. Lagging is to be removed as required by the Surveyor to permit 
effective examination. 


Copper Pipes 
907 At intervals of 6 years from the date of build all copper steam pipes above 3 inches internal diameter 


supplying steam for essential’services at sea are to be annealed and thereafter hydraulically tested to twice the 
working pressure. 


908 Copper pipes with brazed longitudinal joints are to be annealed and hydraulically tested to twice the 
working pressure at 4-yearly intervals. 


Section 10 
SCREW SHAFTS AND TUBE SHAFTS 


1001 Screw shafts and tube shafts are to be drawn periodically for examination by the Society’s Surveyors. 


Where shafts are fitted with continuous liners or approved oil glands or are made of approved corrosion- 
resisting material, they normally become due for survey at intervals of 3 years for single screw ships and 4 years 
for ships having two or more screws. AI! other shafts should be drawn at intervals of 2 years. 


On the application of Owners, the Committee will be prepared to give consideration to the circumstances 
of any special case. 


Section 11 
CLASSIFICATION OF SHIPS NOT BUILT UNDER SURVEY 


1101 When classification is desired for a ship not built under the supervision of the Society’s Surveyors, 
application should be made to the Committee in writing. 


Hull and Equipment 


1102 Plans showing the main scantlings and arrangements of the actual ship and any proposed alterations 
are to be submitted for approval. These should comprise midship section, longitudinal section and decks, and 
such other plans as may be requested. If plans cannot be obtained or prepared by Owners, facilities are to be 
given for the Society’s Surveyor to take the necessary information from the ship. 


Particulars of the process of manufacture and testing of the material of construction should be furnished. 
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1103 In all cases the full requirements of C 201 to C 230 are to be carried out. In the case of tankers the 
requirements of C 301 to C 305 are also to be carried out. Tankers over 12 years old are in addition to comply 
with C 306, and other ships over 20 years old with C 231 and C 232. During the survey the Surveyors are to 
satisfy themselves regarding the workmanship and verify the approved scantlings and arrangements. For this 
purpose, and in order to ascertain the amount of any deterioration, parts of the structure will require to be drilled 
as necessary. Full particulars of the anchors, chain cables and equipment are to be submitted. 


Ships of recent construction will receive special consideration. 


1104 When the full survey requirements indicated above cannot be completed at one time, the Committee 
may consider granting an interim record for a limited period. The conditions regarding the completion of the 
survey will depend on the merits of each particular case, which should be submitted for consideration. 


Machinery 


1105 To facilitate the survey, plans of the following items, together with the particulars of the materials 
used in the construction of the boilers, air receivers and important forgings should be furnished :— 


General pumping arrangements, including air and sounding pipes. (Shipbuilder’s plan.) 

Pumping arrangements at the forward and after ends of oi] tankers and drainage of cofferdams and 
pump rooms. 

General arrangement of cargo piping in tanks and on deck of oil tankers. 

Piping arrangements for cargo oil (F.P. above 150° F.). 

Bilge, ballast and oil fuel pumping arrangements in the machinery space, including the capacities of 
the pumps on bilge service. 

Arrangement and dimensions of main steam pipes. 

Arrangements of oil fuel pipes and fittings at settling and service tanks. 

Arrangements of oil fuel piping in connection with oil burning instalations. 

Oil fuel and cargo oil overflow systems, where these are fitted. 

Arrangement of boiler feed systems. 

Oil fuel settling, service and other oil fuel tanks not forming part of the ship’s structure. 

Plans of machinery space piping are to be diagrammatic. 

Boilers, superheaters and economisers. 

Air receivers. 

Crank, thrust, intermediate and screw shafting. 

Clutch and reversing gear with methods of control. 

Reduction gearing. 

Electrical circuits. 


Note.—Plans additional to the above should not be submitted unless the machinery is of a novel or special] 
character affecting classification. 


TORSIONAL VIBRATION CHARACTERISTICS 


For new ships and ships which have been in service less than 8 years calculations of the torsional vibration 
characteristics of the propelling machinery are to be submitted for consideration as required for ships constructed 
under Special Survey. For older ships the circumstances will be specially considered in relation to their service 
record and type of machinery installed. 


Where calculations are not submitted the Committee may require that the machinery certificate be endorsed 
to this effect. 


When desired by the Owners the calculations and investigation of torsional vibration characteristics of 
machinery may be carried out by the Society upon special request. 
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1106 The main and auxiliary machinery, also feed pipes, compressed air pipes and boilers are to be examined 
as required at Special Surveys, and their working pressures are to be determined from their actual scantlings in 
accordance with the Rules. 


The screw shaft is to be drawn and examined. 
The steam pipes are to be examined and tested as required by C 9. 


The bilge, ballast and oil fuel pumping arrangements are to be examined and amended as necessary to comply 
with the Rules. 


Oil burning installations are to be examined as required at Special Surveys and found, or amended, to comply 
with the requirements of the Rules; they are also to be tested under working conditions. 


The electrical equipment is to be examined as required at Special Surveys. 

The fire extinguishing arrangements are to be in accordance with the requirements of the Rules (see Chapter F). 
The whole of the machinery is to be tried under working conditions to the Surveyors’ satisfaction. 

First entry reports are to be prepared by the Surveyors. 


Periodical Surveys 
1107 Periodical surveys are subsequently to be held as in the case of ships built under survey. 


23rd April, 1959 
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Section 1 
GENERAL 


Determination of Scantlings 

101 The scantlings in the Tables are related in 
general to basic dimensions and, where necessary, to a basic 
moulded draught. Corrections are given in the Tables, or 
associated notes, for use where the actual dimensions or 
draught of the ship differ from those in the Tables. The 
Rules and Tables are framed for ships of normal ratio of 
breadth to depth and having proportions of length to depth 
at the strength deck not exceeding thirteen and a half. 

If the proportions are abnormal, special structural 
arrangements will be required. 

The minimum scantlings given by the Tables may 
require to be increased on account of particular features 
in general design or when Owners desire to make provision 
for exceptional distributions or concentration of loading 
(see B 101, D 34 and Table 18, note 2(e)). 


Assignment of Class 

102 The class 100A1 will be assigned in accordance 
with the provisions of Chapter B to all sea-going ships when 
the requirements of the Rules have been complied with for 
the draught required. 


Material 

103 The Rules and Tables are based on the use of mild 
steel which complies with the requirements of Chapter P. 
Where special quality steel or other material is used the 
scantlings will be specially considered. 

The scantlings of rolled sections in the various Tables 
are based on the British Standards as revised in 1924. 


Method of Construction 

104 The Rules and Tables set forth requirements for 
riveted construction together with certain modifications 
where electric arc welding is adopted. 

Particulars indicating the principal parts which are 
electrically welded will be given in the Register Book as 
deemed desirable by the Committee. 


Interpolation 

105 For dimensions and draughts between the values 
given in the Tables the scantlings are to be obtained by 
interpolation. 


Distribution of Material 
106 The scantlings given in the Tables for the 


midship portion of the ship are to be reduced gradually to 
those given for the ends. 


Equivalents 

107 Alternative arrangements or fittings which are 
considered to be equivalent to the requirements of the Rules 
will be accepted by the Committee but the Owner’s sanction 
may be required. 


Submission of Plans 

108 For each ship proposed to be built under survey 
for classification in the Register Book plans of midship 
and longitudinal sections, on which the designed summer 
moulded draught is to be given together with the particulars 
necessary for calculation of freeboard, are to be submitted 
for approval. 


The following plans are also to be submitted :— 


Shell plating. 

Decks. 

Watertight bulkheads. 

Pillars and girders. 

Deep tanks. 

Oil fuel bunkers. 

Arrangements to resist panting. 

Strengthening of bottom forward. 

Rudder and sternframe. 

Propeller brackets. 

Bossed framing. 

Motor and thrust seating. 

Cruiser stern. 

Long deckhouses. 

Hatchways. 

Main steering gear of rod and chain type 
and auxiliary steering gear. 

Strengthening for navigation in ice. 

Pumping arrangements. 

Scheme of riveting. 

Scheme of welding. 
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Section 2 


DEFINITIONS 


201 Length L is the distance in feet on the summer 
load waterline from the fore side of stem to the after side 
of rudder post, or to the centre of rudder stock if there is 
no rudder post, but L is not to be less than 96 per cent of 
the extreme length on the summer load waterline. 


Amidships is to be taken as the middle of the length L. 


202 Breadth B is the greatest moulded breadth 
in feet. 


203 Depth D is measured in feet at the middle 
of the length L from top of keel to top of deck beam 
at side. 

D for Shell and Topside Plating is measured to the 
strength deck as defined in 207. 

D for Framing is measured to the uppermost continuous 
deck. 


204 Draught d is the summer draught in feet measured 
from top of keel. 


205 Depth h for Framing is measured in feet from 
the top of the double bottom or single bottom floor at 
side to the top of beam at side of tlie lowest deck. 


206 Effective Superstructure is a midship super- 
structure extending from side to side of the ship and exceed- 
ing -15L in length. 


207 Strength Deck is the uppermost continuous 
deck except in way of an effective superstructure where the 
superstructure deck is to be considered the strength deck. 


Section 3 
KEELS, STEMS AND STERNFRAMES 
Materials 


301 Steel castings are to comply with the requirements 
of P 9. 


302 Forgings made of ingot steel are to comply with 
the requirements of P 10. 


303 If forgings are made from scrap material, either 
iron or steel scrap may be used, but a mixture of iron and 
steel is not permitted. 


Plate Keels 


304 The scantlings of plate keels are given in Table 14. 
Plate keels are to be associated with centre keelsons or 
centre girders as required by D 4 or D 5. 
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Bar Keels 
305 The scantlings of bar keels are given in Table 1. 


Riveted scarphs connecting the separate lengths 
together, or to the stem and sternpost, are to have a length 
of nine times the thickness of the bar. 


Stems 


306 Bar stems are to have the scantlings given in 
Table 1, but above the load waterline the dimensions may 
be gradually tapered to the stem head where the sectional 
area may be 75 per cent of the area derived from the Table. 


307 If the stem is constructed of shaped plates the 
thickness of the plates below the load waterline is to be 
10 per cent greater than the thickness of the side shell 
plating given in Table 14, col. 8, without corrections; above 
the load waterline the thickness may be gradually tapered 
towards the stem head where it may be equal to the shell 
plating at ends. Plates which require to be furnaced are 
to have these thicknesses when finished. 


The plates are to be supported by horizontal webs 
between the decks and below the lowest deck; the 
unsupported length of the stem plates is not to exceed 5 feet. 
Where the radius of the plates is large a centre line stiffener 
may be required. 


For strengthening of plate stems for navigation in 
ice, see D 1008. 


308 The separate lengths of the stem are to be 
efficiently connected and the lower end of the bar stem is to 
overlap the forward flat keel plate. 


Sternframes 

309 Sternframes may be of rectangular or streamlined 
section or may be of built construction to suit the lines of 
the ship. The scantlings are to be determined from 
Tables 2 and 3 and associated notes. Cast steel and built 
sternframes are to be strengthened at intervals by transverse 
webs of suitable thickness. Cast steel stern frames are to be 
simple in design and all fillets should have a large radius. 


310 The lower part of the sternframe is to be extended 
forward to provide an efficient connection to the flat plate 
keel. 


311 The rudder post is to be attached to a transom 
plate of the same depth as that required for double bottom 
floors and -10 inch thicker than the floors (see Table 6, 
cols. 4 and 10); when the length of the ship exceeds 300 feet, 
the rudder post is to be connected to the transom by double 
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angles, double riveted in each flange. In single screw ships 
having cruiser sterns or exceeding 300 feet in length the 
propeller post is to be efficiently attached to a deep floor. 


312 The sole piece under a propeller aperture is to be 
kept as short as possible and is to be increased in scantlings 
as required by Table 2, note 4. 


313 The upper gudgeon is to be as near as practicable 
to the rudder trunk and rudder coupling. Gudgeons are to 
have a thickness of metal round the finished bore equal to 
half the diameter of the pintle and the depth is to provide 
full bearing surface for the pintle. The scantlings of 
pintles are to be determined from Table 47 and associated 
notes. 


314 The length of the scarph in a sternframe of 
rectangular section is to be three times the fore and aft 
dimension of the post and the width of the scarph is to be 
half the length of the scarph. The thickness at the tip of 
the scarph is to be 13 per cent of the thickness of the post, 
and the connection is to be made by four rows of rivets. 
In single screw ships the scarph of the rudder post should 
not be fitted above the upper gudgeon. The strength of 
scarphs or other connections in cast steel streamlined 
sternframes is to be equivalent to the above requirements. 


315 The scantlings and arrangements of propeller 
brackets and of sternframes in ships of relatively high power 
will be specially considered. 


Cross-reference 


316 For riveted connections to stems and sternframes, 
see Table 52 H. 


Section 4 
SINGLE BOTTOMS 


Floor Plates 


401 The scantlings of floor plates are to be determined 
from Table 4 and associated notes. Floors are to be fitted 
at every frame. 


If a bar keel is fitted the floors are to be continuous from 
side to side; if a flat plate keel is adopted the floors may be 
continuous or cut at the centre line. 


402 The floors at the bilges are to be attached to the 
frames by flanged brackets of the same thickness as the floor 
plates and having breadth and depth, clear of the frame and 
floor respectively, equal to the depth of the floor at the centre 
line. 
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Alternatively, the brackets may be omitted if the depth 
of the floor is increased by 15 per cent and the frame is 
reinforced at its junction with the floor plate. 


403 The tops of floors are, in general, to be level from 
side to side but in ships having considerable rise of floor, and 
in all ships in the engine room and towards the ends, the 
depth of the floor plates is to be increased; the brackets 
may be dispensed with provided the side framing is 
adequately supported. 


404 Floor plates forming part of a bulkhead are to be 
not less than 36 inches in depth measured at the centre line 
and the thickness is to be as required for the bottom strake 
of the bulkhead. 


405 The side frames are to be efficiently attached to 
the floor plates. 


Frames and Reversed Frames 


406 Floors are to be attached to the bottom plating by 
single angles having the same thickness as the floor plates. 
(See D 807.) 


407 Reversed frames on the upper edges of the floor 
plates are to have the scantlings given in Table 4. 


Throughout the engine room, under the boiler bearers 
and in way of strengthening of bottom forward, the reversed 
frames are to be doubled from side to side. 


Centre Keelsons 


408 The scantlings of centre keelsons are given in 
Table 5. The keelsons are to extend as far forward and aft 
as practicable, and where cut at bulkheads the longitudinal 
strength is to be efficiently maintained. 


409 In ships having a bar keel, the centre keelson is to 
consist of continuous double angles on top of the floors 
in conjunction with intercostal plates connected to the floors 
by single angles having the same thickness as the intercostal 
plates. 


In ships not exceeding 160 feet in length the intercostal 
plates may be omitted provided the centre keelson bars are 
as required by Table 5 for tugs. 


410 Plate keels are to be associated with plate keelsons 
having double continuous top angles. The keelson plates 
are to be connected to the keel by single angles except in the 
engine room, thrust recess and the forward -25L where the 
connection is to be double. If the floors are continuous the 
keelson plates are to be intercostal and attached to the floors 
by single angles having the same thickness as the intercostal 
plates. 
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Where the floors are cut at the middle line they are to be 
connected to the continuous keelson plate by double angles 
having the thickness of the keelson plates. Continuous 
foundation plates are to be fitted at the top of the floors on 
each side of the keelson plate. 


411 The butts of all continuous longitudinal material 
are to be efficiently strapped or welded. 


Side Keelsons 


412 Thescantlings of side keelsons are given in Table 5. 
The keelsons are to extend as far forward and aft as practic- 
able, and where cut at bulkheads the longitudinal strength is 
to be efficiently maintained. . 


413 One side keelson is to be fitted on each side 
of the centre line if the breadth B does not exceed 30 feet and 
two where B is above 30 feet and does not exceed 54 feet. 


414 The keelsons are to consist of a continuous angle 
with the wider flange faying on the reversed frames. 


Intercostal plates fitted between the floors are to be 
attached to the continuous angles and connected to the shell 
plating by single angles having the same thickness as 
the intercostal plates. 


415 The butts of the continuous angles are to be 
efficiently strapped or welded. 


416 Intheengine room additional side keelsons are to 
be fitted. 


Increased Thicknesses in Machinery Spaces 

417 In the engine room the floors are to be increased 
in thickness by :04 inch. 

In the boiler room the floors, reversed frames, centre 
and side keelson plates and all angles not covered by cement 
are to be increased in thickness by -10 inch. 


Strengthening of Bottom Forward 
418 The bottom structure forward is to be in 
accordance with the requirements of D 8. 


Ships Loading or Discharging Aground 

419 Itis recommended that the bottoms of small ships 
intended to load or discharge aground be additionally 
strengthened in order to withstand the exceptional stresses 
to which they may be subjected. 


Pumping and Drainage 

420 The arrangements are to be in accordance with 
the requirements of Chapter E. Efficient provision is to be 
made to permit water from every part of the bottom to 
reach the pump suctions. 
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Section 5 
DOUBLE BOTTOMS 
Scantlings 
501 The scantlings of the double bottom structure 
and the tank side connections are to be determined from 
Tables 6 to 11 and associated notes. 


Centre Girder 

502 The attachment of the centre girder to the keel 
plate and to the middle line strake of the inner bottom is to 
be by double angles, or equivalent connections, throughout 
in all ships exceeding 350 feet in length; in smaller ships 
the attachment need be double, or equivalent, only in the 
engine room, thrust recess and in the forward -25L. 


Intercostal Side Girders 

503 In ships where the breadth B does not exceed 
34 feet one stiffener is to be fitted to the floors on each side, 
about midway between the centre line and the margin plate. 
Where B exceeds 34 feet one intercostal side girder is to be 
fitted and where B exceeds 64 feet but does not exceed 80 feet 
two girders are to be fitted on each side of the centre 
line extending as far forward and aft as practicable. In 
the forward -25L of all ships side girders are to be fitted 
as required by D 805. 

504 In the machinery space and thrust recess the 
number and disposition of the side girders are to be such as 
to support the machinery effectively and to secure the 
necessary rigidity of structure. Double angles or equivalent 
connections are to be fitted on the upper edges of these 
girders under the engines and thrust seating. 

505 Intercostal girders are not to be flanged in the 
forward -25L, under the engine and thrust seating or under 
widely spaced pillars. Where intercostals are flanged their 
thickness is to be increased by 10 per cent. 

506 If plate floors are fitted at every frame the inter- 
costal girders, except in the engine room and in the forward 
-25L, may be replaced by continuous bulb angles on the shell 
and inner bottom, having the scantlings given in Table 10 
for a span of 4 feet. These bulb angles are to be attached 
to the floors by vertical angles, extending for the full 
depth of the floors and having the same depth as the bulb 
angles, but these angles need not exceed 6 inches in depth. 
The thickness of the vertical angles may be the same as that 
of the floors. 

Riveting at each end of the vertical angles is to be as 
required by Table 8, cols. 4 and 5. 


Plate Floors 

507 Plate floors are to be fitted at every frame in the 
engine room and in the forward -25L; they are also to be 
fitted under the boiler bearers, bulkheads, toes of brackets to 
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deep tank bulkhead stiffeners and in way of any change in 
depth of double bottom. Partial plate floors are to be fitted 
under the thrust seating. 


The floors under the engine room, thrust seating and 
boiler bearers are to have double angles or equivalent 
attachments to the centre girder; elsewhere the connections 
may be single. The reversed frames on the floors may be 
single except under the engine room from the centre line 
to the girder outside the engine seating, under the thrust 
seating and from side to side under boiler bearers. 


508 Except as required by 507, plate floors may be 
spaced not more than 10 feet apart, and the shell and inner 
bottom plating between these floors is to be supported by 
bracket floors. Alternatively a system of longitudinal 
framing may be adopted—see 517 to 523. 


509 Floors are not to be flanged. 


510 Watertight floors are to be fitted below or in the 
vicinity of watertight bulkheads and their thickness is to 
be -08 inch greater than that given in Table 6, col. 10, 
but need not exceed -54 inch. If the depth of the centre 
girder exceeds 36 inches the floors are to be fitted with 
stiffeners, of scantlings given in Table 9, spaced 30 inches 
apart; the ends of the stiffeners are to extend to the 
toes of the boundary angles. 


511 Additional stiffening is to be fitted under the 
heels of widely spaced pillars as required by D 1516 to 
D 1523. 


512 In ships from which the cargo is to be regularly 
discharged by grabs, it is recommended that plate floors 
be fitted at every frame. 


Bracket Floors 


513 The scantlings of the bottom frames and reversed 
frames are to be determined from Table 7 and associated 
notes. 


514 The breadth of the brackets attaching the frames 
and the reversed frames to the centre girder and margin 
plate is to be three-quarters of the depth of the centre 
girder; the brackets are to be flanged on the unsupported 
edge and are to have the same thickness as the plate floors. 


515 The frames and reversed frames are to be 
attached to the side girders by angles having the same 
depth as the reversed frames, but these angles need not 
exceed 6 inches in depth. The thickness of the vertical 
angles may be the same as that of the floors. 
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Struts, if fitted to reduce the unsupported span of the 
frames and reversed frames, are to have the scantlings given 
in Table 8. Where the struts are welded the area is to be at 
least 80 per cent of that given in Table 8, col. 6, provided 
their stability and end connections are adequate. 


516 Details of riveted connections in bracket floors 
are given in Table 8. 


Longitudinal Framing 

517 Where longitudinal framing is adopted in the 
double bottom the scantlings of the longitudinals are to be 
as given in Table 10 and associated notes. 


518 Plate floors are to be fitted at every frame under 
the main engines and the foremost shaft tunnel bearing 
and at alternate frames outside the engine seating or 
equivalent arrangements are to be provided. 

Plate floors are also to be fitted under boiler bearers, 
bulkheads, and the toes of brackets of deep tank bulkhead 
stiffeners. 

Elsewhere the spacing of the floors is not to exceed 
12 feet or -O5L and the thickness of the floors is to be 
increased 10 per cent beyond that required by Table 6. 

The longitudinal girders under the main machinery 
are to extend for the full length of the machinery space 
and are to be carried aft to support the foremost shaft 
tunnel bearing; this extension abaft the after engine room 
bulkhead is to be at least three transverse frame spaces. 
At the fore end of the engine room the girders are to be 
tapered off over three transverse frame spaces and are to 
be efficiently scarphed into the longitudinal framing system. 


519 The floors are to be attached to the shell and 
inner bottom by double angles or equivalent for two spaces 
of longitudinals at each end of the floor plate. The floors 
are to be attached to the centre girder and margin plate 
by double angles single riveted, or equivalent, except 
where the spacing of the floors exceeds 8 feet when the 
attachment to the centre girder is to be by double angles 
double riveted. 


520 The unsupported span of the longitudinals is not 
to exceed 8 feet. In longer spans struts of the same 
scantlings as required for bracket floors (Table 8) are to be 
introduced and attached to the longitudinals by the number 
of rivets given in the Table. The scantlings of the longi- 
tudinals at shell and inner bottom adjacent to the centre 
girder and margin plate may be based on a span of 4 feet. 

The shell and inner bottom longitudinals are to be 
attached to the floors by means of vertical angles extending 
from the shell to the inner bottom having the same depth 
as the inner bottom longitudinals, but these angles need 
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not exceed 6 inches in depth; they are to be riveted as 
required by Table 8. The thickness of the vertical angles 
may be the same as that of the floors. 

Where longitudinals are cut at watertight floors they 
are to be attached to the floors by brackets of a width on 
each arm equal to three times the depth of the shell 
longitudinals, of the thickness given in Table 6, col. 10 
or 11, and riveted as required by Table 8, cols. 7 and 8. 


521 An intercostal side girder, as required by 503 to 
505, is to be fitted on each side where B exceeds 45 feet and 
two side girders on each side where B exceeds 70 feet. 


522 Between plate floors, transverse brackets of the 
thickness required by Table-6, col. 10 or 11, are to be 
fitted extending from the centre girder and margin plate to 
the adjacent longitudinal. The brackets, which are to be 
flanged, are to be fitted at every frame at the margin plate 
and those at the centre girder are to be spaced not more 
than 4 feet apart. 


523 Where, at the ends of the ship, the longitudinal 
system of framing is replaced by a transverse system 
adequate arrangements are to be made to avoid abrupt 
discontinuities. 


Inner Bottom Plating and Margin Plates 


524 The inner bottom plating is to be of the thick- 
ness given in Table 6 and is to be increased by -08 inch under 
the hatchways if no ceiling is fitted; the thickness of the 
middle line strake is not to be less than that of the increased 
inner bottom plating. : 


The margin plate is to have the thickness given in 
Table 6 and is to be of the depth amidships required by 
Table 6, note 2. 


525 If cargo is to be regularly discharged by grabs, 
or similar means, it is recommended that double ceiling 
should be fitted or the thickness of the plating increased 
-20 inch and fitted with a flush surface. 


Manholes and Lightening Holes 


526 
bottom, floors and side girders to provide adequate ventila- 
tion and access to all parts of the double bottom and the 
edges of the holes are to be smooth. No manholes are to be 
cut in the floors or girders under widely spaced pillars. 


527 Where manhole covers are attached by bolts to the 
inner bottom plating, doubling plates or rims are to be fitted 
to take the fastenings of the covers. Manhole covers which 
project above the inner bottom plating are to be adequately 
protected. 


Sufficient manholes are to be cut in the inner 
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Tank Side Brackets and Margin Connections 


528 The height and thickness of the tank side brackets 
are given in Table 11. The free edges of the brackets are to 
be flanged or otherwise stiffened. 


At the ends of the ship where the form of the brackets 
may become unduly elongated, the arrangements will be 
specially considered. 


529 Riveted attachments of the tank side brackets to 
the frames and margin plate are given in Table 11. The 
angles attaching the floors to the margin plate are to have 
the same number of rivets in both flanges as the angle to the 
tank side brackets, and the inner and outer angles are to be 
through riveted. 


If gusset plates are fitted they are to be not more than 
three frame spaces apart; if the number of rivets required 
in the gusset is more than six per frame space the gusset 
is to be fitted at every frame or is to be a continuous plate. 
Gussets are to be so spaced that each will require not less 
than three rivets. 


530 Ifthe margin plate is approximately horizontal 
the strength of the margin connection will be specially 
considered. 


531 For increases in the panting region, see D 906. 


Increased Thicknesses in Machinery Spaces 


532 In the boiler room and donkey boiler recess the 
floor plates and brackets, centre and side girders, inner 
bottom plating, margin plate, tank side brackets, gussets and 
all rolled sections not covered by cement, and in the engine 
room the inner bottom plating, are to be increased in 
thickness as required in Tables 6 to 11 and associated notes. 


533 Where machinery is fitted aft, the thicknesses of 
the inner bottom plating in the boiler room are to be 
increased by the increments which would have been added if 
the machinery had been fitted amidships; in the engine room 
this thickness is to be as given in Table 6, col. 18. 


Strengthening of Bottom Forward 


534 The bottom structure forward 
accordance with the requirements of D 8. 


is to be in 


Ships Loading and Discharging Aground 


535 It is recommended that the bottoms of small 
ships intended to load or discharge aground be additionally 
strengthened in order to withstand the exceptional stresses to 
which they may be subjected. 
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Oil Fuel 
536 If oil fuel is to be carried in double bottoms the 
provisions of D 2019 and D 2020 are to be complied with. 
Where refrigerated cargoes are to be carried, see D 2021 
and D 2022. 


Pumping and Drainage 
537 The arrangements are to be in accordance with the 
requirements of Chapter E. 


538 Ample provision is to be made for the free passage 
of air and water from all parts of the tanks to the air pipes 
and suctions. 


Caulking and Water Testing 

539 The double bottom is to be caulked and made 
watertight, but the centre girder need not be caulked or 
tested. 

Each compartment on completion is to be tested with a 
head of water representing the maximum pressure which 
could be experienced in service. 


Cross-reference 


540 For additional stiffening under heels of pillars, 
see D 1520. 


Section 6 
SIDE FRAMING 
Scantlings 
601 The scantlings of the main, peak and ’tween deck 
frames are to be determined from Tables 12 and 13 and 


associated notes. 
The depth D for use in the Tables is defined in D 203. 


602 The scantlings given for the framing in the 
various ‘tween decks represent the minimum standard, 
but the system is to be so arranged that continuity is 
maintained. 

603 Where holes are drilled or punched in the inboard 


flange of channel or similar hold frames, the scantlings 
may have to be increased. 


Frame Spacing 

604 The spacing of the frames, except in the regions 
defined in 605 and 606, may be as given in Tables 12 
and 13. 

605 Frame spacing in peaks and cruiser sterns is not 
to exceed the Table spacing or 24 inches, whichever is less. 

606 Frame spacing between -21 from forward and 
the collision bulkhead is not to exceed the Table spacing 
or 27 inches, whichever is less. 
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607 Where the spacings adopted differ from those 
set forth in 604 to 606, the scantlings of the main and 
*tween deck frames are to be corrected as required by the 
notes. 


Main Framing 

608 The depth h to be used in Table 12 is defined 
in D 205, and is to be measured : 

At amidships, for framing between the after peak 
bulkhead and -25L from the fore end. 

At -25L from the fore end, for framing between that 
point and -15L from the fore end. 

As required by D 905 for framing between -15L from 
the fore end and the collision bulkhead. 


Framing in Tween Decks and Superstructures 

609 In ’tween decks marked B (see notes to Table 13) 
between -12L from the after end and -2L from the fore 
end and in detached superstructures, frames may be fitted 
two frame spaces apart provided the main frame spacing 
does not exceed 30 inches and the ratio of that spacing 
in inches to the minimum thickness of the ’tween deck 
side plating does not exceed 55 in ships 300 feet or less 
in length and 45 in ships 500 feet or more in length, with 
intermediate values in proportion. 


610 At each end of a bridge four frames are to extend 
from the tween deck below to the bridge deck. 


611 *Tween deck and superstructure frames are to be 
efficiently scarphed to the main frames below or effectively 
attached to tlie deck, except in the poop where the lower 
ends of the intermediate frames (if fitted) need not be 
attached. 


Cruiser Sterns 

612 Cruiser sterns are to have frames of size required 
in peaks, and are to be additionally stiffened by web 
frames where required. The floor plates are to be of 
a reasonable depth, and are to be associated with a middle 
line girder. 


General 

613 Floors in fore and after peaks are to have a 
thickness -04 inch greater than required for floors in a 
double bottom. In after peaks the floors are to extend 
well above the stern tube, or, if this is impracticable, 
cross-tie plates flanged on both edges are to be fitted above 
the stern tube. Rivets connecting floors and cross-tie plates 
to the frames are to be spaced not more than five diameters 
apart. (See D 908.) 


614 In boiler rooms and permanent coal bunkers 
the thickness of the framing is to be increased -06 inch 
beyond that derived from the Tables. 
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615 Where the depth of the framing is reduced 
adequate stiffness is to be maintained. 


616 The breadth of the shell flange of the frames is 
to be suitable for the diameter of rivet used. 


Cross-references 

617 For framing in deep water ballast tanks, in oil 
fuel bunkers and in machinery spaces, see D 19, D 20 and 
D 22. 


Section 7 
SHELL PLATING 
Scantlings ; 


701 Scantlings of flat plate keel and of garboard 
strakes with a bar keel are given in Table 14. 


702 The thicknesses of bottom and side shell plating 
are to be determined from Table 14 and associated notes. 
The depth D for use in the Table is defined in D 203. 


703 In way of an effective superstructure the thick- 
ness of bottom and side plating may be based on D measured 
to superstructure deck, but clear of the superstructure D 
is to be taken to the uppermost continuous deck. The 
thicker plating is to be suitably extended within the ends 
of the superstructure to ensure continuity of strength. 
(See 710.) 


704 The scantlings of the sheerstrake are to be in 
accordance with Table 18 and D 1101. 


Openings in Shell Plating . 

705 All openings in the shell plating for cargo doors, 
inlets, or other purposes, are to have well rounded corners, 
and arrangements are to be made to maintain the strength 
in way of the openings; the plating is to be reinforced in 
way of hawse pipes. 


706 Where side scuttles or other openings are cut in 
the sheerstrake, removing more than 20 per cent of the 
Rule sectional area of the unpierced plate, compensation is 
to be provided. 


Shift of Riveted Butts : 

707 The butts of shell plates and those of sheer- 
strake and stringer plates are to be arranged to give as 
good a shift as practicable; in adjoining strakes butts are 
to be generally at least two frame spaces apart. 


The butts of the sheerstrake are to be at least two 


frame spaces from those of adjacent deck stringer plates. 


Welded Construction 
708 In ships having transverse framing, if the seams 
and butts of the bottom shell plating are flush welded and 
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the floor angles are riveted to the bottom shell then the 
thickness of the bottom plating is to be increased for -4L 
amidships by 5 per cent above the requirements of Table 
14 and associated notes. 

If the seams and butts of bottom shell plating are 
flush welded and the floors are welded to the shell, the 
thickness of the bottom plating is to be increased for -4L 
amidships by 15 per cent above the requirements of Table 14 
and associated notes. 

In addition to the provisions of D 503, the following 
stiffening is to be fitted to the bottom shell for -4L amid- 
ships with either system of construction :— 


Beam not exceeding Two longitudinal stiffeners, 


50 ft. p. &s8, 
Beam above 50 ft. Four longitudinal stiffeners, 
and not exceeding p. &s. 


55 ft. 


Beam above 55 ft. 
and not exceeding 
64 ft. 


Special consideration will be given to ships having 
greater beam. 


Three longitudinal stiffeners, 
and one intercostal side 
girder p. & s. 


The stiffeners are to be 63} -46 ordinary angle toe 
welded to the plating and connected at their ends. The 
intercostal side girders are to be of scantlings given in 
Table 6. 

This stiffening, in which the engine girder system may 
be incorporated, is to be suitably scarphed to the stiffening 
forward required by D 801 and D 805, and is to be tapered 
gradually at the aft end. 


Wood Belting 
709 Wood belting and fenders are not to be through 
bolted to the shell plating. 


Continuity of Strength 
710 Continuity of strength is to be maintained at 


the break of superstructures as required by D 1206 and 
D 1305 to D 1308. 


Section 8 


STRENGTHENING OF BOTTOM FORWARD 
Extent 


801 The bottom structure is to be strengthened 
between -05L and -25L from the fore end. A sketch 
showing sections in way of the bottom forward is to be 
submitted. 
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Shell Plating 

802 The thickness of the three strakes next to the 
keel plate, or, in small ships, two strakes provided these 
cover the flat of bottom, is to be that given in Table 14, 
col. 10, increased by 30 per cent where the length of the 
ship does not exceed 450 feet and 15 per cent where the 
length is 650 feet; the increase at intermediate lengths to 
be in proportion. In ships with machinery aft not exceeding 
300 feet in length the increase is to be 40 per cent and the 
keel plate is not to be less in thickness than the adjacent 
bottom plating. 


The midship thickness of the above strakes is to be 
carried forward to the increased plating. 


If the floors are welded directly to the bottom plating 
the latter is to be increased in thickness. 


Double Bottoms 


803 Floors and intercostal girders are not to be 
flanged. 


804 Plate floors are to be fitted at every frame and are 
to be connected to the bottom plating by double angles, or 
equivalent connections, extending from margin to margin, 
or, in single bottom ships, to lower turn of bilge. 


805 ‘The intercostal side girders are not to be more 
than 7 feet apart, the plating between them being supported 
by additional half-height intercostal girders carried as far 
forward as practicable. 


806 Where longitudinal framing is adopted in the 
double bottom the arrangements are to include plate floors 
fitted on alternate frames between -05L and -25L from the 
fore end and the spacing of longitudinal framing is to 
be in accordance with the requirements of D 606. 


Single Bottoms 


807 The reversed frames are to be doubled and 
additional intercostal girders are to be fitted; in other 
respects the requirements for double bottoms are to be 
carried out where they apply. 


Riveting 

808 The rivets in both flanges of the frame angles 
are to be spaced 54 diameters apart. The diameter of 
rivets in butts and seams of bottom plating is to be appro- 
priate to the increased thickness of the plating, and the 
seams are to be double riveted. 
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ARRANGEMENTS TO RESIST PANTING 
Extent 
901 The structure is to be strengthened to resist 


panting for -15L from the fore end and abaft the after 
peak bulkhead. 


Forward of the Collision Bulkhead 


902 ‘Tiers of beams spaced 6 feet apart are to be fitted 
to alternate frames below the lowest deck and are to have 
the scantlings given in Table 15. 


903 Stringer plates of the scantlings given in Table 16 
are to be fitted at each tier of beams. The stringer plates 
are to have double attachments to the shell plating. Alter- 
natively, stringer plates of Table scantlings may be fitted 
inside the frames without attachment to the shell plating 
provided the stringer plate is stiffened on both edges, and 
the thickness of the shell plating is 10 per cent greater than 
the thickness given in Table 14, col. 9, where the length of 
the ship does not exceed 150 feet and 25 per cent where the 
length is 350 feet or above; the increase at intermediate 
lengths is to be in proportion. 


904 Frames to which a beam is not fitted are to be 
attached to the stringer plate by brackets, having the same 
thickness as the beam knees and a depth of one-half the 
breadth of the stringer plate. 


Abaft the Collision Bulkhead 


905 The strength of the side frames below the lowest 
deck for the distance defined in 901 is to be increased 20 per 
cent above that derived from Table 12, the value of h for 
use in the Table being the maximum between -15L from the 
fore end and the collision bulkhead, measured as defined in 
D 205. 


906 The strength of the attachment of the frames to 
the tank side brackets, of the tank side brackets to the 
margin plates and gussets, and of the gussets to the margin 
plate is to be increased by 20 per cent above the require- 
ments of Table 11. The connection of the floors to the 
margin plate is to be the same as the connection of the 
tank side brackets to the margin plate, and, where riveted, 
the connecting angles inside the tank are to be on the 
same side of the floor as the outside connections, to take 
through rivets. 


907 Side stringers of the scantlings given in Table 16 
are to be fitted in line with those forward of the collision 
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bulkhead and are to extend aft for the distance defined in 
901; they are to be attached to the shell by single riveted 
angles. 

The side stringers may be omitted provided the shell 
plating is increased by the percentage given in 903. 


Abaft the After Peak Bulkhead 

908 ‘The structure is to be efficiently stiffened by deep 
floors and tiers of beams in association with stringers as 
required in the fore peak (Tables 15 and 16) except that 
these may be spaced 8 feet apart. In twin screw ships the 
frames abaft the propeller brackets and up to the lowest 
deck are to be attached to the shell plating by two rows of 
rivets or equivalent connections. (See D 613.) 


Special arrangements may be required in single screw 
ships of high speed. 

Tf, on account of the ship’s form, the unsupported 
length of the frames exceeds 8 feet, additional stiffening 
may be required, 


Deep "Tween Decks 

909 If necessary, in ships with deep ’tween decks 
additional intercostal side stringers supported by web frames 
are to be fitted at the forward and after ends. The stringers 
may be omitted provided the thickness of the shell plating 
is suitably increased. 


Section 10 7 . 
STRENGTHENING FOR NAVIGATION IN ICE 


General 

1001 Where owners contemplate operating the ship 
in the ice at a trimmed ballast waterline this is to be indicated 
on the plans in addition to the light waterline. All references 
to “light waterline” are then to be taken as applying to the 
“light” or “ballast’’ waterline whichever is the lower. 


CLASS 1 

Framing 

1002 Intermediate frames are to be fitted over the 
full length of the ship. The strength of these frames is to 
be the same as the rule main frames unless stringers are 
fitted in accordance with D 1005 when the intermediate 
frames may be 75 per cent of the rule main frames. In the 
panting region and in deep tanks the modulus of the inter- 
mediate frame is to be determined from the modulus of the 
main frames before the increases required by D 905 and 
D 1909 are applied. 


D 908 - D 1005 
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The intermediate frames are to extend from 3 feet 
below the light waterline to 2 feet 6 inches above the load 
waterline. They are to be connected at their ends to the 
main frames by a horizontal member having the same 
scantlings as the main frames or equivalent arrangements 
are to be provided. 


In the fore and after peaks the main and intermediate 
frames are to have the same modulus as the rule midship 
frame. 


Shell Plating 


1003 For a distance 2-5B abaft the forward per- 
pendicular and extending vertically from 2 feet below the 
light waterline to 2 feet 6 inches above the load waterline 
the thickness of the shell plating is to be 50 per cent greater 
than the rule midship thickness. 


For the remainder of the length over the same vertical 
extent the thickness is to- be 25 per cent greater than the 
rule midship thickness. The change of thickness is to take 
place gradually. 

The increased thickness need not exceed 1-00 inch but 
is not to be less than -50 inch. When the thickness exceeds 
‘85 inch steel of a quality approved under P 5 is to be 
used. 


When the s.h.p. exceeds 0-21 (LB) the shell plating 
for a distance B abaft the forward perpendicular shall be 
increased by 0-04 inch for each 500 h.p. excess over the 
above figure but need not exceed 1:00 inch. (The s.h.p. is 
to be indicated on the plan on which the shell plating is 
approved.) 


Riveting 

1004 The seams of increased shell plating are to be 
at least double riveted. The diameter of the rivets used 
may be } inch less than that required by Table 52A for the 
increased thickness of plating but is not to be less than 
that required for the rule thickness. 


Stringers 

1005 The following requirements apply only when 
the intermediate frames are made 75 per cent of the main 
frames (see D 1002). 

Abaft the collision bulkhead stringers of the scantlings 
given in Table 16 are to be fitted 6 feet apart for a distance 
1-5B from the forward perpendicular. 

The stringer next below the load waterline is to extend 
over the full length of the ship unless a deck is situated not 
more than 2 feet below the load waterline. 
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Rudder and Steering Arrangements 

1006 
are to be increased by 25 per cent above that required by 
Tables 44 and 47. The side plating and webs of double 
plate rudders are to be increased by 50 per cent above that 
required by Table 46. The gudgeons, remaining rudder 
items, coupling and steering gear are to be based on the 


The diameters of the rudder head and pintles 


increased rudder head or pintle. 

In welded double plate rudders the horizontal and 
vertical webs are not to be welded direct to the side plates 
but are to be attached to flat bars or equivalent arrangements 
made to avoid a hard point. ; 

The rudder head is to be protected by a suitable cruiser 
stern or other equivalent arrangements. 


Sternframe 

1007 The strength of the rudder post and solepiece 
and the diameter of the rudder axle (if fitted) are to be 
increased by 25 per cent above the rule requirements. 


Stem 

1008 A solid stem of forged, rolled, or cast steel is to 
be fitted up to 2 feet 6 inches above the load waterline and 
the sectional area is to be 25 per cent greater than rule 
requirements. 

Above this position a plate stem may be fitted and 
the thickness of plates at 2 feet 6 inches above the load 
waterline is to be 65 per cent greater than the rule midship 
thickness but need not exceed 1 inch. The thickness may 
be tapered to that of the normal plate stem (see D 307) at 
the upper deck. Plates which require to be furnaced are 
to have these thicknesses when finished. 

The connections of the shell plating to the stem are to 
be flush. 


Cross-reference 
1009 For machinery requirements see H 8. 


CLASS 2 

Framing 

1010 Intermediate frames are to be fitted from the 
stem to 2-5B abaft the forward perpendicular, or to the 
point at which the load waterline has its greatest breadth, 
whichever is furthest aft. The strength of these frames is 
to be the same as the rule main frames unless stringers are 
fitted in accordance with 1013, when the intermediate 
frames may be 75 per cent of the rule main frames. In the 
panting region and in deep tanks the modulus of the inter- 
mediate frames is to be determined from the modulus of 
main frames before the increases required by D905 and 
D 1909 are applied. 
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The intermediate frames are to extend from 3 feet 
below the light waterline to 2 feet 6 inches above the load 
waterline. They are to be connected at their ends to the 
main frames by a horizontal member having the same 
scantlings as the main frames or equivalent arrangements 
are to be provided. ' 

In the fore and after peaks the main and intermediate 
frames are to have the same modulus as the rule midship 
frame. 


Shell Plating 


1011 For a distance B abaft the forward per- 
pendicular and extending vertically from 2 feet below the 
light waterline to 2 feet 6 inches above the load waterline 
the thickness of the shell plating is to be 50 per cent greater 
than the rule midship thickness. 

For the remainder of the length over the same vertical 
extent the thickness is to be 15 per cent greater than the 
rule midship thickness. The change of thickness is to take 
place gradually. 

The increased thickness need not exceed 1-00 inch but 
is not to be less than -50 inch. When the thickness exceeds 
‘85 inch steel of a quality approved under P 5 is to be used. 


When the s.h.p. exceeds 0-21 (LB) the shell plating 
for a distance B abaft the forward perpendicular shall be 
increased by 0-04 inch for each 500 h.p. excess over the 
above figure but need not exceed 1-00 inch. (The s.h.p. is 
to be indicated,on the plan on which the shell plating is 
approved). 


Riveting 

1012 The seams of increased shell plating are to be at 
least double riveted. The diameter of the rivets used may 
be 4 inch less than that required by Table 52A for the 
increased thickness of plating but is not to be less than that 
required for the rule thickness. 


Stringers 

1013 The following requirements apply only when the 
intermediate frames are made 75 per cent of the main 
frames (see D 1010). 

Abaft the collision bulkhead stringers of the scantlings 
given in Table 16 are to be fitted 6 feet apart for a distance 
1:5B abaft the forward perpendicular. 


The stringer next below the load waterline is to extend 
for a distance 2-5B abaft the forward perpendicular or to 
the greatest breadth of load waterline, whichever is greater, 
unless a deck is situated not more than 2 feet below the 
load waterline. 
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Rudder and Steering Arrangements 

1014 The diameters of the rudder head and pintles 
are to be increased by 12:5 per cent above that required by 
Tables 44 and 47. The side plating and webs of double 
plate rudders are to be increased by 25 per cent above that 
required by Table 46. The gudgeons, remaining rudder 
items, coupling and steering gear are to be based on the 
increased rudder head or pintle. 

In welded double plate rudders the horizontal and 
vertical webs are not to be welded direct to the side plates 
but are to be attached to flat bars or equivalent arrange- 
ments made to avoid hard points. _ 


Sternframe 

1015 The strength of the rudder post and solepiece 
and the diameter of the rudder axle (if fitted) are to be 
increased by 15 per cent above rule requirements. 


Stem 
1016 The sectional area of a solid stem is to be 
15 per cent greater than rule requirements. 


Where a plate stem is fitted the thickness of plates 
below a position 2 feet 6 inches above the load waterline is 
to be 65 per cent greater than the rule midship thickness 
but need not exceed 1 inch. Above this position the thick- 
ness may be tapered to that of the normal plate stem (see 
D307) at the upper deck. Plates which require to be 
furnaced are to have these thicknesses when finished. The 
spacing of the horizontal webs below the load waterline is 
not to exceed 3 feet. ; 

The connections of the shell plating to the stem are to 
be flush. 


Cross-reference 
1017 For machinery requirements see H 8. 


CLASS 3 

Framing 

1018 Intermediate frames of the scantlings given in 
Table 17 are to be fitted for a distance 1-5B abaft the 
forward perpendicular. They are to extend from 3 feet 
below the light waterline to 2 feet 6 inches above the load 
waterline. They need not be connected at their ends. 
Shell Plating 

1019 Fora distance B abaft the forward perpendicular 
and extending vertically from 2 feet below the light water- 
line to 2 feet 6 inches above the load waterline the thickness 
of the shell plating is to be 50 per cent greater than the rule 
midship thickness. This increased plating is to be tapered 
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gradually into the midship plating so that the midship 
thickness is reached at the point where the load waterline 
is at the greatest breadth. 

The increased thickness need not exceed 1-00 inch 
but is not to be less than -50 inch. When the thickness 
exceeds -85 inch steel of a quality approved under P 5 is 
to be used. 


Riveting 
1020 The seams of increased plating are to be at least 
double riveted. The diameter of rivets used may be } inch 


less than that required by Table 52A for the increased 
thickness. 


Stringers 

1021 For a distance 1-5B abaft the forward per- 
pendicular stringers of the scantlings given in Table 16 are 
to be fitted 6 feet apart. The stringers may be omitted 
provided the intermediate frames are made equal in 
strength to the main frames. 


Rudder and Steering Arrangements 

1022 The diameters of rudder head and pintles are to 
be increased by 7-5 per cent above that required by 
Tables 44 and 47. The side plating and webs of double 
plate rudders are to be increased by 10 per cent above that 
required by Table 46. The gudgeons, remaining rudder 
items, coupling and steering gear are to be based on the 
increased rudder head or pintle. 


Sternframe 

1023 The strength of the rudder post and solepiece 
and the diameter of the rudder axle (if fitted) are to be 
increased by 7-5 per cent above rule requirements. 


Stem 

1024 The sectional area of a solid stem is to be 
10 per cent greater than rule requirements. 

Plate stems are to comply with 1016. 


The connections of the shell plating to the stem are to 
be flush. 


Cross-reference 
1025 For machinery requirements see H 8. 


Section 11 
DECKS 
Plated Decks 
1101 Strength deck and sheerstrake scantlings are to 
be determined from Table 18 and associated notes. The 
depth D for use in the Table is defined in D 203. Strength 
deck requirements are tabulated for ships having one, two or 
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three decks. If there is more than one deck the sectional 
area of the strength deck given in Table 18 is that required 
when the scantlings of the lower decks are in accordance 
with Table 20. 


1102 Scantlings for effective superstructures, as 
defined in D 206, are also to be determined from Table 18, 
the depth D being measured to the superstructure deck. 
(See Table 18, note 9.) 


1103 Minimum thicknesses of strength decks and 
lower decks are given in Tables 18 and 20 respectively. 


1104 Platform decks for which no credit is taken in 
determining the scantlings of the strength deck (see 
1101) are to have the scantlings given in Table 20, col. 8. 


Decks with Stringer and Tie Plates 

1105 The scantlings of stringers and tie plates fitted 
under a wood deck are to be determined from Table 18, 
note 10, and Table 20, note 5. 

Tie plates are to be fitted at each side of the hatchways 
and are to be continuous; where these form the upper 
members of girders supported by widely spaced pillars they 
are to be suitably increased. Cross ties are to be arranged 
at the ends of hatchways and other openings. The decks are 
to be plated over abreast machinery openings, the plating 
being tapered into the stringer plates beyond the openings. 


Stringer Angles 

1106 The butts of strength deck stringer angles are to 
be efficiently welded or strapped and if the angle is cut in 
way of scuppers compensation is to be provided. 


Concentration of Loading 
1107 Additional strengthening to the decks may be 
required where there is indication of concentration of loading. 


Continuity of Strength 

1108 Continuity of strength is to be maintained at 
the ends of large openings in the strength deck and the 
deck below by means of corner doubling plates or equivalent 
arrangements, and associated, if necessary, with intercostal 
girders at the strength deck. Special attention is to be 
given to workmanship at these parts. 

For welded construction, see D 3106. 


Wood Sheathing and Decks 
1109 The material is to be of good quality, well 
seasoned and free from sapwood. The thickness is to be not 
less than 24 inches for pine or 2 inches for teak. 
Thwartship planks are to be laid at the ends of hatch- 
ways, deckhouses and similar boundaries. 
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The vertical flange of coaming or foundation angles is 
to extend 4 inch above the wood deck. Gutterway angles or 
welded flats are to be not less than -30 inch in thickness. 

The planking is to be efficiently fitted. Fastenings are 
to be not less than } inch in diameter, sunk below the 
surface of the planking and covered with turned dowels, the 
whole being thoroughly bedded in white lead or other 
suitable composition. 

Bolts are to be galvanised; welded studs used instead 
of bolts are to be coated with suitable composition before 
the planking is laid. 

All decks are to be caulked and payed. 


Deck Compositions 

1110 Ifan approved composition is laid as a substitute 
for wood sheathing the steel deck is to be caulked, made 
watertight and coated with a suitable material in order to 
prevent corrosive action between the steel and the composi- 
tion. The composition is to be effectively secured to the 
deck. 


Caulking and Water Testing 

1111 All plated decks are to be caulked unless 
sheathed with a properly caulked wood deck. The spaces 
between frames at lower decks are to be effectively closed by 
cement or other means. 


Weather decks and gutterways are to be hose tested 
on completion. 


Section 12 
DETACHED SUPERSTRUCTURES 


Forecastles 

1201 All seagoing ships are to have forécastles 
except where the load draught is less than -7D. 
Where the omission of the forecastle may be necessary, 
increased sheer forward is to be provided as may be 
required by the Committee. 


Short Superstructures 

1202 The scantlings of poops and forecastles, and of 
bridges not exceeding -15L in length, are to be determined 
from Table 21 and associated notes. 

All seams and butts may be single riveted. 


Long Bridges 

1203 A long bridge is an effective superstructure as 
defined in D 206, and the scantlings are to be determined 
from Table 18 and associated notes. (See D 703 and 
D 1102.) 
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Second and third deck scantlings may be reduced in 
way of the superstructure. (See Table 18, note 9.) 


1204 The riveting of butts and seams of deck plating, 
sheerstrake and side plating is to be as required by Table 52 
B & C, but the side plating and sheerstrake seams are not 
to be less than double riveted for four frame spaces at the 
ends of the superstructure. 


1205 Transverse strength is to be ensured by fitting 
web frames or partial bulkheads in the bridge if large deck- 
houses are constructed above. 


Strengthening at Ends of Superstructures 


1206 The thickness of the upper deck sheerstrake is 
to be increased by 50 per cent and the thickness of the 
stringer plate by 25 per cent at the ends of long bridges. 
Similar strengthening is to be fitted at the ends of poops 
or forecastles within -5L amidships. 


At the ends of short bridges these increases are to be 
30 per cent and 10 per cent respectively. 


In way of a long bridge the upper deck sheerstrake, 
stringer plate and deck plating as fitted in the wells are to 
extend into the bridge for a distance equal to about one- 
third the breadth of the ship. ; 


The bridge side strakes, which are to be increased 25 
per cent in thickness at the ends of the superstructure, are 
to be tapered as far as practicable into the bulwark plating 
or upper deck sheerstrake; the plating is to be efficiently 
stiffened at its upper edge and supported by web plates 
not more than 5 feet from the end bulkhead. 


Bulkheads at Ends of Superstructures 


1207 The bulkheads at the ends of poops, bridges, and 
forecastles are to have the scantlings and arrangements 
given in Table 22 and associated notes. 


Deckhouses 


1208 All deckhouses are to be of sufficient strength 
and the scantlings of the ends, sides and of the top beams 
are to be in accordance with the requirements of Table 23 
and associated notes. Beams and stiffeners should, as far as 
possible, be fitted in line with the main framing. 


1209 Where the length of single or two-tier deck- 
houses exceeds -15L, the sectional area of the top plating is 
to be derived from Table 23 and associated notes. In all 
ships above 300 feet in length the exposed decks over 
passenger accommodation are to be completely plated. 
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1210 The sides and ends of the deckhouses are to be 
supported by partial bulkheads or web frames, spaced about 
30 feet apart, and web frames are to be fitted, if practicable, 
at the sides of large openings. 


Arrangements are to be made to minimise the effect of 
discontinuities in the deckhouse structure. All openings 
cut in the sides should be substantially framed and have the 
corners well rounded; continuous coamings are to be fitted 
below and above doors and similar openings. 


Particular attention is to be given to the structure at 
the corners and ends of long deckhouses. Adequate support 
under the ends of the houses is to be provided in the form of 
web frames at ship’s sides and diaphragms or pillars near the 
centreline in conjunction with reinforced deck beams. The 
corners of the deckhouses should be connected to the 
deck by double riveted or equivalent connections, which, 
if incorporating welding, will be specially considered. 


The deckhouse sides are to be additionally stiffened in 
way of boats and the top strengthened in way of the davits. 


1211 Partial bulkheads or web frames are to be fitted 
in the ’tween decks below deckhouses and, where practicable, 
in continuation of watertight bulkheads below. 


Cross-reference 
1212 For exposed casings protecting machinery 
openings, see D 22 and Table 23, note 11. 


For scantlings of deck plating inside long deckhouses 
see Table 18, note 2 (d). 


Section 13 
RAISED QUARTER DECKS 
Scantlings in way of the Raised Quarter Deck 
1301 The scantlings of shell, sheerstrake, stringer and 


deck plating are to be based on the depth D measured 
to the raised quarter deck. 


1302 The scantlings of side frames are to be based 
on the depth D measured to the upper deck with h 
measured to the raised quarter deck. 


1303 The scantlings of beams are to be determined 
using the depth D measured to the raised quarter deck. 


Break Bulkhead 

1304 The front or break bulkhead of the raised quarter 
deck is to have the thickness of plating required for bridge 
front bulkheads and is to be sufficiently stiffened. 
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Strengthening at Break 

1305 The stringer plates of the upper or bridge deck 
and the raised quarter deck are to overlap for three or four 
frame spaces at either side of the break bulkhead according 
to the size and proportions of the ship. 


1306 Similarly in ships exceeding 220 feet in length 
the deck plating is to overlap for two or three spaces 
and the stringers are to extend for two or three spaces 
beyond the plating. 


1307 Sufficient diaphragm plates, of the thickness of 
the break bulkhead, are to be fitted between the overlapped 
decks and connected to them and to the break bulkhead by 
double angles; the diaphragms are to be stiffened on their 
after edges and elsewhere if necessary. 


1308 The upper deck sheerstrake is to be increased 
in thickness by 40 per cent and extended for a reasonable 
distance abaft the break. The raised quarter deck sheerstrake 
is also to be increased in thickness by 30 per cent when 
connected to a long bridge and is to be extended into 
the bridge. 


Section 14 
BEAMS AND DECK LONGITUDINALS 


Scantlings 

1401 The scantlings of deck beams at weather, cargo 
and accommodation decks are to be determined from 
Tables 24 and 25 and associated notes. 


1402 The scantlings of deck longitudinals are to be 
determined from Tables 26 and 27 and associated notes. 


General 
1403 Beams are to be fitted at every frame. 


1404 Where hatch side coamings are more than 18 
inches from the deck girder the overhanging beams are to be 
reinforced, or the coamings are to be made sufficiently strong 
to act as girders to carry the ends of the beams and the 
load on the hatchway. 


1405 Beams or longitudinals at the crown of deep 
tanks, peak tanks and oil fuel tanks are to satisfy the 
requirements of Tables 24, 25, 26 or 27 and associated notes 
but are not to be less in strength than the standard required 
for the stiffeners of the boundary bulkheads to those tanks. 
(See D 1901 and D 2004.) 
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1406 Where holes are punched in the face flange of 
channel or similar beams the modulus of the beams may 
require to be increased. 


1407 Weather decks are to be suitably cambered. 


Timber Deck Cargoes 

1408 Where timber load lines are to be assigned 
the scantlings of deck beams at weather decks are to be 
in accordance with Table 24, note 6. 


Beam Knees and Brackets of Deck Longitudinals 

1409 The scantlings of beam knees and brackets of 
deck longitudinals together with their riveted attachments 
are to be determined from Table 28. 


1410 Where intermediate frames in the *tween decks 
are omitted the beam knees are to be attached to the shell 
plates by angles having the same thickness as the knees. 


1411 In ships having more than three tiers of beams 
and where large areas of deck are arranged for accom- 
modation, or where particular conditions of loading are 
contemplated, the requirements for beam knees will be 
specially considered. 


1412 The riveted attachment of half beams to hatch 
side coamings and casings is given in Table 52 H. 


Cross-references 

1413 Forstrong hatch end beams and deck transverses, 
see D 1512 to D 1515. 

For strengthening in machinery spaces, see D 2207. 


Section 15 


DECK GIRDERS AND PILLARS 
General 

1501 Deck beams are to be supported by longitudinal 
deck girders in association with pillars or strong hatch end 
beams. 

Deck longitudinals are to be supported between bulk- 
heads by transverses pillared as necessary. 

For the forward -075L of forecastle and weather decks, 
longitudinal girders are not to be spaced more than 12 
feet apart, and transverses not more than 8 feet apart. 
Girders are to have intercostal plates attached to the 
deck and are not to consist of angle runners. 

Pillars in the ’tween decks and holds are to be in the 
same vertical line, as far as practicable. 

The scantlings are to be determined from Tables 29, 30 
and 31 and associated notes. 
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Special Loads 

1502 Where a girder is subject to concentrated loads, 
such as pillars out of line, the scantlings are to be suitably 
increased and the pillars which support the girder are to be 
strengthened to bear the portion of the concentrated load 
which they carry. 


1503 Where cargoes such as chilled meat are suspended 
from a deck which may be simultaneously loaded above, the 
scantlings of the girders are to be increased as required by 
Table 29, note 1 (f). 


1504 Additional attachments may be required to meet 
particular local stresses. 


Longitudinal Deck Girders 

1505 Girders are to be connected to the deck by angles 
of the same thickness as the web plate. If the span is greater 
than 30 feet in association with a normal height of ’tween 
deck, the deck connection is to be doubled for two beam 
spaces at each end. 


1506 Girders of unsymmetrical section are to be 
supported by tripping brackets at alternate beams; if the 
section is symmetrical the brackets may be four frame spaces 
apart. Where the unsupported width of the girder flanges 
is 6 inches or greater the tripping brackets are to be con- 
nected to the face bar or flange. Where symmetrical sections 
are fitted tripping brackets are to be fitted on both sides. 
Intermediate beams are to be connected to the girders by 
lugs having the same thickness as the web plate and extend- 
ing to the toe of the face bar or to the flange. 

The thickness of deck plating in way of the girder is to 
be increased where necessary to provide an effective upper 
flange of the girder. 


1507 Girders are to be attached to the bulkhead by 
flanged brackets of the same thickness as the girder. The 
distance of the toe of the bracket below the deck is given in 
Table 29 and the horizontal arm is to be the same as the 
depth below the girder. The connections of the bracket to 
the girder and the bulkhead are to be double riveted. 


1508 Continuity is to be efficiently maintained over the 
heads of pillars, and the butts of longitudinal material in the 
girders are to be efficiently strapped or welded. 


Hatch Coamings 


1509 At lower decks side coamings acting as girders 
and not forming part of a continuous girder are to be 
extended for at least two frame spaces beyond the hatch end 
beams by short girders below the deck. 
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1510 At weather decks deep hatch coamings which are 
intended to act as girders are to be extended beyond the 
hatchway ends in the form of brackets, the coamings below 
the deck being effectively connected to the hatch end beams. 
Where extension above the deck is not practicable the 
coaming below the deck is to be extended by short girders 
for at least two frame spaces beyond the hatch end beams. 


For welded construction, see D 3106. 


1511 At the corners of all hatchways supported by 
hatch end beams horizontal gusset plates are to be fitted 
connecting the side coamings to the hatch end beams, and 
the vertical connections are to be double riveted or 
equivalent. 


Strong Hatch End Beams 


1512 Strong hatch end beams are to be supported at 
the centre line and attached to the side frames by brackets 
equivalent to the requirements of Table 29, and the frames 
are also to be strengthened if considered necessary. 


1513 The hatch end beams are to be connected to the 
deck plating by angles of the same thickness as the web plate 
and sufficient tripping brackets are to be fitted. 


Deck Transverses 


1514 Transverses supporting deck longitudinals are to 
be attached to the frames by brackets equivalent to the 
requirements of Table 29, and tripping brackets are to be 
fitted as required. The transverses are to be connected to the 
deck by angles of the same thickness as the web plates. 


1515 Longitudinals are to be attached to the trans- 
verses by lugs having the same thickness as the web plates 
and extending to the toe of the face bar. 


Pillars 


1516 Effective arrangements are to be made to 
distribute the loads at the heads and heels of all pillars. 


1517 Solid pillars may be attached to continuous 
runners, having scantlings given in Table 30, fitted under the 
deck beams. The runners are to be attached to each beam 
and to the bulkheads by angle lugs having two rivets in each 
flange. The heads and heels of the pillars are to have a 
bearing fit. At watertight and oiltight surfaces the heels are 
to be riveted to double angles or T bars or directly welded. 


1518 Tubular pillars are to be attached at their heads 
to suitable capital plates supported by brackets, flanged 
where necessary, in order to transmit the load effectively. 


STEEL SHIPS 


Doubling plates are to be fitted to the inner bottom 
under the heels of tubular pillars, and to decks under pillars 
of large diameter. The pillars are to have a bearing fit and 
are to be attached to the capital and doubling plates by 
riveted angle rings or by continuous welding. 


1519 At the heads and heels of pillars built of rolled 
sections the load is to be well distributed by means of 
longitudinal and transverse brackets. 


1520 In double bottoms under widely spaced pillars the 
connections of the floors to the intercostal girders and of the 
floors and girders to the inner bottom are to be suitably 
increased. Where pillars are not directly above the inter- 
section of plate floors and intercostal girders, partial floors 
and intercostals are to be fitted as necessary to support the 
pillars. Manholes are not to be cut in the floors and girders 
below the heels of pillars. 

Where longitudinal framing is adopted in the double 
bottom equivalent stiffening under the heels of pillars is to 
be provided. 


1521 In ships carrying refrigerated cargoes and 
carrying oil fuel in the double bottom, the connections of 
the hold pillars to the inner bottom, including the doubling 
plates, are to be welded. (See D 2021.) 


1522 Where the heels of pillars are carried on a tunnel 
suitable arrangements are to be made to support the load. 


1523 Where pillars are fitted under watertight flats 
the end attachments are to be sufficient to withstand the 
load due to water pressure. 


1524 Additional pillars are to be fitted below 
deckhouses, windlasses, winches, capstans and elsewhere 
where considered necessary. The structure in way of the 
boat davits is to be strengthened. 


1525 Arrangements for supporting the structure in 
machinery spaces will be specially considered. 


Timber Deck Cargoes 

1526 Where timber load lines are to be assigned 
the scantlings of weather deck longitudinal girders, strong 
hatch end beams, deck transverses and pillars are to be in 
accordance with Table 29, note 6 and Table 31, note 6. 
Particular attention is to be paid to the end connections 
of girders and hatch end beams. (See also D 1408.) 


Cross-references 


1527 For centre line and bunker bulkheads supporting 
decks, see D 18. 


For riveting, see Tables 31 and 52 H. 
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Section 16 
WATERTIGHT BULKHEADS 


Number and Disposition of Transverse Bulkheads 

1601 All ships are to have a collision bulkhead, 
situated not less than -05L from the fore end of the load 
waterline, an after peak bulkhead enclosing the stern tubes 
in a watertight compartment and a bulkhead at each end of 
the machinery space. 

When a coal cross bunker is situated at the forward 
end of the boiler space, its after bulkhead may be of non- 
watertight construction as required by D 18, provided the 
forward bulkhead complies with the requirements of this 
Section for watertight bulkheads. 

If this compartment is to be used for cargo, the after 
bulkhead is to be welded or riveted and caulked as required 
by this Section, and all openings are to be blanked off and 
made watertight. The requirements of D 29 are to be 
complied with, and bilge suctions and sounding pipes fitted 
as required for a separate hold compartment. 


1602 In ships exceeding 220 feet in length, additional 
watertight bulkheads are to be fitted so that the total 
number of bulkheads is in accordance with the following 


Table :— 


Total number of bulkheads 


Length L 
N Machi M inery* 

abure Peace sattahie sie? ft ie 
feet feet 

a 220 4 3 
220 285 4 4 
285 335 5 5 
$35 370 6 5 
370 405 6 6 
405 470 7 6 
470 540 8 Fis 
540 610 9 8 


* After peak bulkhead forming the after boundary of the machinery 
space. 


1603 The bulkheads in the holds should be spaced 
at reasonably uniform intervals. Where this is departed 
from and the length of a hold is unusually great, the 
transverse strength of the ship is to be maintained. 


1604 The Committee will be prepared to consider 
proposals from owners to dispense with one or more of these 
bulkheads if they interfere with the requirements of a 
special trade, subject to suitable structural compensation. 


Height of Bulkheads 
1605 The collision bulkhead is to extend to the 
uppermost continuous deck. 


D 1519 - D 1605 
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1606 The after peak bulkhead may terminate at the 
first deck above the load waterline provided this deck is 
made watertight to the stern or to a watertight transom 
floor. 


1607 The remaining bulkheads are to extend to the 
uppermost continuous deck except where the draught is 
not greater than that permitted with a superstructure 
extending for the full length of the ship above the second 
deck, when the bulkheads may terminate at that deck 
provided it lies above the load waterline. 

In passenger ships of restricted draught the height of 
the bulkheads will be specially considered. 


Bulkhead Plating 
1608 The thickness of bulkhead plating is to be in 
accordance with Table 32 and associated notes. 


1609 The lowest strake is to be at least 36 inches 
deep measured from the inner bottom, or from the keel if 
there is no double bottom; where an inner bottom 
terminates on a bulkhead the top of the lowest strake of 
the bulkhead is to be at least 12 inches above the inner 
bottom. At stokehold bulkheads in coal burning ships the 
lowest strake is to extend at least 24 inches above the 
stokehold platform. : 


Bulkhead Stiffeners 

1610 The scantlings of vertical stiffeners having 
bracketed or lugged end connections are to be determined 
from Table 33 or 34 respectively, and associated notes. 
The scantlings of stiffeners which are bracketed at one end 
and lugged at the other may be taken as a mean between 
those required by Tables 33 and 34. 

The scantlings for stiffeners in tugs are given in 
Table 35. 


1611 The Tables apply to stiffeners spaced 24 inches 
apart at collision bulkheads and 30 inches apart at other 
watertight bulkheads not forming boundaries of tanks. 
Scantlings are to be corrected as required by the notes for 
departures from Table spacing. 


1612 Where bulkhead stiffeners are cut in way of 
watertight doors in the lower part of a bulkhead the 
opening is to be suitably framed, and a tapered web plate, 


stiffened on its edge, is to be fitted on each side of the © 


door from the base of the bulkhead to well above the 
opening. 
Where stiffeners are not cut but the spacing between 


the stiffeners is increased on account of watertight doors, as 
in ‘tween deck bulkheads, the stiffeners at the sides of the 
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doorways are to be increased in depth and strength so that 
the efficiency is at least equal to that of the unpierced bulk- 
head, without taking the stiffness of the door frame into 
consideration. 


1613 Bulkheads are to be suitably strengthened if 
necessary at the ends of deck girders and where subjected 
to concentrated loads. 


End Attachments of Stiffeners 

1614 End brackets for stiffeners derived from Table 
33 are to have dimensions, measured from the heel of the 
boundary angle to the toes of the bracket, equal to two and 
a half times the depth of the stiffener. The thickness of 
the brackets and the number of rivets required are given 
in Table 36. 


The bracket or its connecting angle at the lower end 
of each stiffener is to extend to the floor adjacent to the 
bulkhead. 


At each deck level which forms the top of a system of 
stiffeners plating is to be provided of a character which 
will ensure rigidity, and the attachments of the upper 
brackets on the hold stiffeners to this plating are to extend 
over a beam space. 

Where the inner bottom is framed longitudinally the 
stiffeners of the bulkhead should be arranged, if practicable, 
over the longitudinals. 


1615 End lugs for stiffeners derived from Table 34 
are to be of the same thickness as the boundary angles 
and are to be riveted as required by Table 36. 


Boundary Connections 

1616 Angles connecting bulkheads to shell, inner 
bottom and deck plating are to be -10 inch thicker than the 
Table thickness of the bulkhead plating to which they 
are attached. 


Watertight Recesses and Flats 

1617 Watertight recesses in bulkheads are to be so 
framed and stiffened as to provide strength and stiffness 
equivalent to the requirements for watertight bulkheads. 


1618 Horizontal plating is to be -04 inch thicker than 
required by Table 32 for watertight bulkheads at corre- 
sponding levels. The strength and stiffness of beams are to 
be equivalent to the requirements of Table 33 if cut and 
bracketed or continuous. 


The thickness of plating and scantlings of beams are 
not to be less than required by D 11 and D 14. 


STEEL SHIPS 


Longitudinal Bulkheads 

1619 Watertight longitudinal bulkheads are to be 
equal in strength and stiffness to the requirements for 
transverse bulkheads. 


Chain Lockers 
1620 Chain lockers fitted abaft the collision bulkhead 
are to be caulked and the space is to be efficiently drained. 


Riveting 
1621 Requirements for riveting are given in Table 
52 H. 


Welded Stiffeners 
1622 The scantlings of welded stiffeners will be 
considered in accordance with note 3 to Tables 33 to 36. 


Watertight Doors 

1623 Watertight doors are to be efficiently constructed 
and fitted, tried under working conditions and hose tested 
in place. 

Provision should be made to ensure that coal will not 
impede the satisfactory operation of bunker doors. 


1624 Watertight doors are to be capable of being 
quickly closed from an accessible position above the bulk- 
head deck, and are to have an index at the operating position 
showing whether the door is open or closed. Hand gear is 
to have an all-round motion. The lead of shafting is to be as 
direct as possible and the screw is to work in a gunmetal nut. 


1625 Hinged watertight doors of approved pattern 
may be fitted in ’tween decks in approved positions. The 
hinges of these doors are to be fitted with gunmetal pins. 


Caulking and Testing 

1626 Watertight bulkheads, including recesses and 
flats, are to be caulked and hose tested on completion. At 
watertight flats the side frames if continuous are to be 
suitably collared, alternatively they may be cut and 
bracketed or otherwise effectively connected to the flat. 

Peak bulkheads not forming boundaries of tanks are 
to be tested by filling the peaks with water to the level of 
the load waterline. 


Cross-references 
1627 For deep tanks, peak tanks and oil fuel bunkers, 
see D 19 and D 20. 


For watertight tunnels, see D 17. 


For machinery casings in ’tween decks, see D 2214. 
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Section 17 
WATERTIGHT TUNNELS 


Tunnels 

1701 Where machinery is amidships the shafting is to 
be enclosed in a watertight tunnel large enough to permit of 
proper examination and repair of the shafting. A watertight 
door is to be provided at the forward end of the tunnel. Pipe 
tunnels are to have dimensions adequate for reasonable 
access. 


Plating 

1702 The thickness of plating on flat sides and curved 
tops of tunnels is to be determined from Table 37 and 
associated notes. 


If the top of the tunnel is flat the plating is to be as 
required by D 1618 for horizontal flats of watertight bulk- 
heads. 


1703 Under hatchways the top plating is to be 
increased by -10 inch, unless covered with wood not less 
than 2 inches in thickness which is to be secured without 
through fastenings in the plating. 


Stiffeners and End Attachments 
1704 The scantlings of stiffeners are to be determined 
from Table 38 and associated notes. 


For flat tunnel tops the scantlings of stiffeners are not 
to be less than required by D 1618 for flats of watertight 
bulkheads. 

The stiffeners are to overlap and be connected to the 
tunnel base angle. Angle stiffeners 6 inches in depth and all 
bulb angle stiffeners are to be attached to the inner bottom by 
lugs riveted as required by Table 36. Where welded con- 
struction is adopted equivalent arrangements are to be made. 


Boundary Angles 

1705 ‘The thickness of all boundary angles is to be 
-10 inch greater than the Table thickness of curved top 
plating given in Table 37. 


Recesses 

1706 The scantlings of plating and stiffeners for 
thrust and other recesses are to be determined as required 
by D 1617 and D 1618 for watertight bulkheads. 


Tunnels in Deep Tanks 

1707 When tunnels and recesses form boundaries of 
deep tanks the requirements of D 19 or D 20 are also to be 
complied with. 
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Local Strengthening 

1708 Additional strengthening is to be fitted under 
the heels of pillars, hatch end supports or masts stepped on 
the tunnel. The strength of bulkheads in way of watertight 
doors is to be maintained as required by D 1612. 


Ventilators 

1709 Tunnel ventilators are to have scantlings suitable 
for the pressure to which they may be subjected and are 
to be made watertight. 


Riveting, Caulking and Testing 

1710 Riveting and caulking are to be as required by 
D 1621 and D 1626 for watertight bulkheads. 

Tunnels are to be hose tested on completion. 


Section 18 


NON-WATERTIGHT BULKHEADS 


Centre Line Bulkheads 

1801 The thickness of bulkhead plating in ships 
exceeding 150 feet in length is to be -30 inch in holds and 
-26 inch in ’tween decks. 


1802 Riveted connections of bulkheads to the decks 
and inner bottom are to be by single angles -36 inch in 
thickness, but the attachments to the inner bottom are to 
be double riveted for two frame spaces at the ends of the 
hatchways; welded connections are to be of equivalent 
strength. 


1803 The scantlings of stiffeners are to be determined 
from Table 39 and associated notes. The stiffeners may be 
spaced two frame spaces apart provided the frame spacing 
does not exceed 30 inches. 

1804 Hold stiffeners are to be attached to the inner 
bottom by double riveted lugs or welded at their lower 
ends. Stiffeners at the ends of hatchways, both in holds 
and ‘tween decks, are to have flanged brackets at top and 
bottom, or equivalent arrangements. Deck beams are to 
be connected to the stiffeners or plating of the bulkhead. 


Coal Bunker Bulkheads 
1805 The thickness of plating is to be as required 


by 1801, but the thickness of the lowest strake is to be ” 


-36 inch; this strake is to extend at least 24 inches above 
the stokehold platform. Boundary angles are to be -36 inch 
in thickness at the top and sides and -40 inch at the bottom. 


1806 The scantlings of stiffeners of longitudinal bulk- 
heads which support the deck are to be as required by 1803. 
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1807 The scantlings of stiffeners of transverse bulk- 
heads and of longitudinal bulkheads not supporting the 
deck are to be as required by Table 39, note 4. 


1808 At sloping bunker casings the scantlings of 
stiffeners are to be suitably increased or the stiffeners 
are to be additionally supported by angle stays from the 
deck beams. 


For non-watertight bulkheads at after end of cross 
bunkers, see D 1601. 


Section 19 


DEEP TANKS AND PEAK TANKS 

Bulkheads 

1901 The scantlings of plating and stiffeners of 
boundary bulkheads are to be determined from Tables 32 
and 40 respectively, and associated notes. The plating is 
not to be less in thickness than -30 inch in ships exceeding 
150 feet in length. Stiffeners are to have bracketed attach- 
ments as required by D 1614. 


1902 Boundary angles are to be -10 inch thicker than 
the Table thickness of the bulkhead plating to which they 
are attached. 


1903 The maximum head to which the tank will be 
subjected is to be shown on the plans submitted for approval. 


1904 For tanks which exceed 30 feet in length the 
scantlings and arrangements will be specially considered. 


Decks 


1905 The thickness of plating of a deck forming the 
crown of a tank is to be -04 inch greater than that which 
would be required by Table 32 for plating at the same 
depth, corrected, if necessary, for spacing, but is to be not 
less than -32 inch with beams or longitudinals spaced 24 
inches apart and -40 inch where the spacing is 36 inches, 
with proportionate thickness for intermediate spacing; the 
plating is also to satisfy the requirements of D 11. 


1906 Beams are to be equivalent in strength to the 
stiffeners of boundary bulkheads, but are also to satisfy the 
requirements of D 14. 


1907 Beams in deep tanks are to be supported by 
quarter girders, the scantlings of which are to be determined 
from Table 41 and associated notes but are not to be less 
than would be required by D 15. 
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1908 Pillars supporting the deck girders are to satisfy 
the requirements of D 1516 to D 1524. 


Side Frames 
1909 The modulus of side frames in deep tanks is to 
be increased by 15 per cent beyond the requirements of D 6. 


Where the frame spacing exceeds the frame spacing in 
Table 12 by 3 inches or more special consideration will be 
given to this framing. 


Tunnels and Recesses 


1910 The scantlings and arrangements of tunnels, 
horizontal and longitudinal steps, and recesses generally 
are to be equivalent to the requirements for boundary 


bulkheads. 


Centre Line Bulkheads 


1911. Where a complete centre line division is fitted 
in deep tanks the arrangements are to be as required by 
D 2015 and D 2016. 


Ventilators 


1912 Ventilators from deep tanks passing through 
a ‘tween deck are to be strong enough to withstand the 
pressure to which they may be subjected and they are to be 
made watertight. 


Riveted Connections 


1913 Riveted connections are to be in accordance 
with the requirements of Table 52 H. 


Testing 


1914 Tanks are to be tested by a head of water equal 
to the maximum to which the tank may be subjected, but 
not less than 8 feet above the crown of the tanks where 
the depth D (as defined in D 203) exceeds 16 feet, reduced 
to 3 feet where D is 10 feet or less. 


General 


1915 When boundary bulkheads of tanks form part 
of the watertight subdivision of the ship the requirements 
of D 16 are also to be satisfied. 


1916 Tanks intended to carry oil fuel or liquid cargoes 


are to comply with the requirements of D 20 or D 21. 


Cross-references 


1917 For air and sounding pipes, see D 24. 
For pumping and piping arrangements, see Chapter E. 
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Section 20 


DEEP TANKS AND DOUBLE BOTTOM TANKS 
CARRYING OIL FUEL FOR SHIP’S USE 


Flash Point 


2001 The following requirements apply to the con- 
struction of compartments for the carriage, for ship’s use, of 
oil fuel the close test flash point of which, as determined 
by a standard type of flash point apparatus, is above 150°F. 


2002 When the requirements of the Rules have been 
complied with a notation will be made in the Register Book, 
except for motorships, as follows: OF (with date). 


Boundary Bulkheads 


2003 The thickness of plating is to be determined 
from Table 32 and associated notes; the plating is not to 
be less than -30 inch in thickness in ships exceeding 150 feet 
in length. 


2004 The scantlings of stiffeners are to be determined 
from Table 40 and associated notes. The ends of the 
stiffeners are to be attached by brackets in accordance with 
D 1614. The stiffeners are to be supported, if necessary, 
by horizontal girders as required by 2006 to 2009. 


2005 For tanks which exceed 30 feet in length the 
scantlings and arrangements will be specially considered. 


Horizontal Girders 


2006 Bulkhead stiffeners and side frames are to be 
supported by horizontal girders, spaced not more than 
10 feet apart, having scantlings determined from Table 41 
and associated notes. 


2007 ‘The girders on bulkheads and ship’s sides are to 
form a continuous line of support. They are to be connected 
at their ends by flanged brackets, having the same thickness 
as the web plate of the thicker girder and a length of arm, 
measured from the point of the bracket to the edge of the 
girder, equal to the width of the wider girder. If the 
bracket terminates on a bulkhead the length of the arms 
is to be equal to the width of the girder. All girders and 
brackets are to be double riveted or to have equivalent 
welded connections and the ends of the brackets are to be 
adequately supported. 


2008 Riveted connections of girder plates to the 
bulkheads or shell plating are to be double for about twice 
the width of the girder at each end and may be single 
elsewhere. 
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2009 The girders are to be supported by tripping 
brackets at the toes of the end brackets and elsewhere at 
every third stiffener or frame. Stiffeners or frames inter- 
mediate between these brackets are to be effectively 
connected to the girders. 


2010 For tanks which exceed 30 feet in length the 
scantlings and arrangements will be specially considered. 


Side Frames 

2011 The scantlings of side frames are to be as 
required by D 6, the framing depth h being measured 
without reference to the horizontal side girders, but the 
modulus may be reduced by 10 per cent where one girder 
is fitted or by 20 per cent where there are two girders. 
Where a horizontal girder is not required the modulus of 
the framing is to be increased in accordance with D 1909. 


Decks 

2012 The scantlings of decks forming the crowns 
of oil fuel tanks are to comply with the requirements for 
deep tanks given in D 1905 to D 1908. 


2013 Where a steel deck abuts on an oil bunker 
bulkhead the deck plating is to be attached to the bulkhead 
either by double angles, single riveted, by a T bar, or by an 
equivalent welded connection. If the deck acts as a girder 
supporting the bulkhead stiffeners the panel of deck plating 
adjoining the bulkhead may require to be stiffened for 
this purpose. j 


Tunnels and Recesses 

2014 The scantlings and arrangements of tunnels, 
horizontal and longitudinal steps, and recesses generally, are 
to be equivalent to the requirements for boundary bulkheads. 


Centre Line Bulkheads 


2015 Deep tanks which extend from side to side of the 
ship are to have a centre line bulkhead and quarter girders. 


2016 Centre line bulkheads may be intact or perfor- 
ated as desired. If intact, the scantlings and arrangements 
are to be as required for boundary bulkheads by 2003 to 
2005. 


If perforated, the modulus of the stiffeners may be 
50 per cent of that required for boundary bulkheads by 
D 19, using H measured to the crown of the tank. The 
stiffeners are to be bracketed at top and bottom. The area 
of perforations is to be not less than 5 per cent nor more 
than 10 per cent of the total area of the bulkhead. 
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When brackets from horizontal girders on the boundary 
bulkheads abut on the centre line bulkhead a light 
intercostal stringer is to be fitted at that level for the full 
length of the tank, or equivalent arrangements are to be 
provided. 


Ventilators 


2017 Ventilators from deep tanks, passing through a 
*tween deck, are to be strong enough to withstand the 
pressure to which they may be subjected and they are to 
be made oiltight. 


Watertight Subdivision 


2018 When the bulkheads of oil fuel bunkers form 
part of the watertight subdivision of the ship, they are also 
to comply with the requirements of D 16. 


Double Bottom Tanks 


2019 Holes are not to be cut in the centre girder 
except in the forward and after tanks, and elsewhere where 
tanks are narrow due to subdivision. The centre girder 
need not be caulked or tested. 


2020 The inner bottom plating in cargo holds where 
there is no ceiling is to be not less in thickness than -34 inch 
when the spacing of frames or longitudinals is 24 inches 
and -40 inch when the spacing is 380 inches, with 
proportionate thicknesses for intermediate spacing. 


Seams and end laps of inner bottom plating in the 
engine and boiler spaces, and in the holds where ceiling is 
not fitted over the whole inner bottom, are to be at least 
double riveted. 


Special Requirements for Refrigerated Ships 


2021 Where the hold above a double bottom tank 
carrying oil fuel is used for refrigerated cargo the tank 
side brackets and floor plates are to be attached to the 
margin plate by T bars, or by welding, and gussets are 
to be welded to the margin plate. The connections of 
hold pillars, including heel doubling plates, also of the 
floors and intercostal plates under the pillars to the inner 
bottom, are to be welded. The attachments of manhole 
covers are not to pass through the inner bottom plating. 


2022 For the requirements for protection of oiltight 
bulkheads, decks and inner bottom in way of refrigerated 
holds, see E 341 and E 342. 


STEEL SHIPS 


Protection and Drainage 


2023 Compartments carrying oil are to be separated 
by cofferdams from those carrying fresh water; oil fuel 
compartments are to be similarly separated from those 
carrying vegetable oil. Cofferdams are to be suitably 
ventilated. ; 


2024 Sparring or lining is to be fitted on the bulkheads 
in holds to prevent leakage of oil coming into contact with 
the cargo. Gutterways are to be arranged at the foot of 
these bulkheads to ensure that leakage shall have free 
drainage to the wells or limbers. Gutterways are also to be 
fitted in boiler spaces. 


2025 Where a bulkhead including its boundary 
connections is wholly welded, the requirements of 2024 
may be dispensed with, except that a gutterway is to be 
fitted in the boiler room. 


2026 Ceiling on the inner bottom, if fitted, is to be laid 
on battens not less than } inch in thickness. Battens are 
to be so laid as to permit the drainage of oil to the bilges 
or wells. 


2027 Drip trays or gutterways with suitable draining 
arrangements are to be provided for all tanks which do not 
form part of the hull structure, at pumps, valves and 
elsewhere where there is a possibility of leakage. Drip trays 
are also to be fitted under oiltight decks, except if these are 
completely welded, when the drip trays need only be fitted 
over the boilers. 


2028 If cargo or coal is carried in a compartment 
adjacent to an oil fuel settling tank which may be heated, 
the compartment side of the bulkhead or deck is to be 
insulated. 


Riveted Connections 


2029 Riveted connections are to be in accordance 
with the requirements of Table 52 H. 


Testing 


2030 All oil tanks are to be tested by a head of water 
equal to the maximum to which the tank may be subjected 
but not less than 8 feet above the crown of the tank where 
the depth D (as defined in D 203) exceeds 16 feet, reduced 
to 3 feet where D is 10 feet or less. The attachment of 
fittings to oiltight surfaces should be completed before 
the tanks are tested. 
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Workmanship 

2031 The workmanship throughout is to be of the 
highest character and is to be submitted to close inspection. 
(See D 31 and D 382.) 


Cross-reference 


2032 For air and sounding pipes and the arrangements 
and requirements for the use of oil fuel, see Chapter E. 


Section 21 


DEEP TANKS AND PEAK TANKS CARRYING OIL 
AS CARGO 
Oil Fuel 


2101 Oil fuel having a flash point above 150° F. may 
be carried as cargo in deep tanks or peak tanks providing 
the scantlings and arrangements of the tanks are in accord- 
ance with the requirements of D 20 for oil fuel bunkers, 
except that the riveting may be as required for deep tanks 
by Table 52 H and the centre line bulkhead need not be 
fitted; if, however, the tanks are intended to be partially 
filled only, the requirements of D 20 are to be complied 
with in all respects. 


2102 When these requirements have been carried out 
a notation will be made in the Register Book as follows: 
“Carrying Oil ¥.P. above 150° F. in deep and (or) peak 
tanks.” 


Vegetable and Similar Oils 


2103 Vegetable oil, or similar oils, may be carried in 
deep or peak tanks constructed in accordance with the 
requirements of D 19 for ballast tanks, with the addition 
of a centre line bulkhead as required by D 2015 and 
D 2016, provided that the ventilation, drainage and 
control generally are as required for oil fuel bunkers. 


2104 Tanks are to be designed and constructed with 
a view to their being cleaned with reasonable facility. 


2105 Deep or peak tanks carrying vegetable or 
similar oils are to be separated from those carrying oil fuel 
or fresh water by a cofferdam. 


2106 When these requirements have been complied 
with a notation will be made in the Register Book as 
follows: “Carrying Vegetable Oil in deep and (or) peak 
tanks.” 


D 2023 - D 2106 


Chapter D 


2107 Vegetable oil may also be carried in tanks 
complying with the requirements of 2101 and if desired 
the notation may be as follows: ‘‘Carrying Oil F.P. above 
150° F. or vegetable oil in deep and (or) peak tanks.” 


2108 Where tanks are intended for other liquid 
cargoes of a special nature the scantlings and arrangements 
will be considered in relation to the density and nature of 
the cargo and an appropriate notation will be made in the 
Register Book. 


Loading Certificates 

2109 When a loading certificate is requested, before 
a cargo of oil is loaded the tank should be tested under 
pressure and examined for cleanness to ensure that it is in 
a proper condition to receive the oil cargo. 


In special circumstances the Committee will be 
prepared, with the consent of all interested parties, to 
consider alternative arrangements in respect of the testing 
of these tanks. 


Cross-reference 


2110 For protection of oiltight bulkheads and decks 
in way of refrigerated holds, see E 341 and E 342. 


Section 22 
MACHINERY SPACES 
Engine Seatings 
2201 Built-up engine seatings are to be of ample 
scantlings and efficiently supported by brackets both longi- 
tudinally and transversely. The transverse brackets should 
be fitted over the floors and, as far as practicable, the 


longitudinal girders in the bottom are to be under those in 
the seating. 


2202 If engines are bolted directly to the inner bottom 
the thickness of the plating under the engines is to be 
suitably increased. 

The plating under the foremost shaft tunnel bearing 
is also to be increased in thickness and is to be scarphed in 
to the heavy plating under the engine bedplate. 


2203 In ships having a single bottom in the engine 
space, the floors are to be increased in depth (see D 403) and 
the engines are to be seated on plating of substantial 
thickness. 


2204 Additional full depth fore and aft girders are 
to be fitted under the engines and thrust block seatings. 
(See D 416, D 504 and D 505.) 
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2205 If engines are of relatively high power the 
strength of the structure and attachments of the seating are 
to be increased, special consideration being given to the 
power and type of engines and the relation of height of the 
engines to the width of the bedplate; particulars are to be 
submitted. 


Boiler Bearers 

2206 Boiler bearers are to be of substantial con- 
struction and efficiently supported by brackets. (See D 407 
and D 507.) 


Additional Strengthening in Machinery Space 

2207 Additional transverse strengthening is to be 
provided by means of web frames and strong beams, with 
suitable pillaring or other arrangements. 


Clearance between Bulkheads and Boiler 

2208 Bunker and hold bulkheads are to be kept well 
clear of boilers and uptakes, and sufficient space is to be 
allowed all round boilers for proper access. 


2209 Decks, or the tops of recesses, are to be not less 
than 4 feet clear of the top of the boiler. Uptakes and flat 
surfaces of boilers are to be not less than 18 inches, and 
the cylindrical shells of boilers not less than 9 inches, from 
coal bunker and hold bulkheads. 


Protection of Decks under Donkey Boilers 

2210 Decks under donkey boilers are to be increased 
-10 inch in thickness and protected under coal-fired boilers 
by not less than 2 inches of firebrick or cement. These 
requirements are to extend to any part of the deck on to 
which fires from the donkey boiler may be drawn. 


Exposed Casings Protecting Machinery Openings 

2211 Engine and boiler openings on weather decks 
are to be protected by casings of adequate height having 
scantlings determined from Table 23 and associated notes. 
The tops of casings are to be suitably plated and stiffened. 


2212 The deck openings should not be larger than 
necessary and suitable cross-tie arrangements are to be 
provided. 


2213 On the uppermost continuous deck of ships in 
which the draught is the maximum permitted for the 
dimensions of the ship with the depth D measured to that 
deck, and on raised quarter decks, the doors in exposed 
casings are to be of steel. All doors are to be strongly 
constructed and capable of being closed and secured from 


both sides. 
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The sills of exposed doorways on the uppermost 
continuous deck, where the draught is as defined above, are 
to be 24 inches in height above the upper surface of the 
deck; the sills of exposed doorways on raised quarter decks 
are to be 18 inches and those on other superstructure decks, 
including those extending for the full length of the ship, 
15 inches in height. 


Protected Casings 


2214 The plating is to be not less than -26 inch in 
cargo spaces and -20 inch in accommodation spaces in 
superstructures; stiffeners are to be 3 X 24 < -26 inch angles 
spaced 30 inches apart. Where trunked casings form 
boundaries of coal bunkers they are to comply with the 
requirements of D 1805 to D 1808. 


Skylights and Gratings 


2215 Engine room skylights are to be substantially 
constructed and are to be securely connected to the coamings. 
Gratings over stokehold openings are to be protected by 
hinged plate covers, which are to be watertight if the level of 
the openings is less than 2 feet above the top of the hatch 
coamings required by D 2301. (See also F 202). 


Cross-references 


2216 For scantlings of single bottoms in machinery 
space, see D 417. 


For scantlings of double bottoms in machinery space, 
see D 532 and D 533. 


For frames in boiler room, see D 614. 


Section 23 


HATCHWAYS AND DECK OPENINGS 
Height of Coamings 


2301 The minimum height of steel coamings above 
the upper surface of decks is to be as follows:— 


On the weather portions of the uppermost continuous 
deck where the draught is the maximum permitted for the 
dimensions of the ship with the depth D measured to that 
deck... <8 ae — oan ee 24 inches. 


On the weather portions of superstructure decks, 
including superstructures extending for the full length of 


the ship, for the forward -25L ats ee 24 inches, 
for the remainder and on raised quarter decks 18 inches. 
anet 
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On decks inside superstructures where the openings in 
the end bulkheads have no means of closing 18 inches. 


On decks inside superstructures where the openings in 
the end bulkheads are closed by strong hinged wood doors, 
wood shifting boards fitted in channels or portable plates 
secured by hook bolts a was ne 9 inches. 


2302 Hatchways on other decks and in positions not 
detailed in 2301 are to be suitably framed. 


Construction of Coamings 


2303 At hatchways exposed to the weather the thick- 
ness of the side and end coaming plates is to be -44 inch where 
the length L is 200 feet or greater and -36 inch where L does 
not exceed 100 feet with intermediate values obtained by 
interpolation. Coamings are to be stiffened on their upper 
edges by a substantial moulding. At hatchways below the 
uppermost continuous deck or within an intact super- 
structure the coamings are to be not less than -40 inch in 
thickness. 


2304 Angles connecting the coamings to the deck and 
the corner angles connecting the side and end coamings 
are to be of the same thickness as the coaming plates. 
Coaming angles are to extend } inch above the wood deck. 


2305 Side coamings of all hatchways are to extend at 
least to the lower edge of the beams, which are to be attached 
to the coamings as required by Table 52 H. 


For welded construction, see D 3106. 


2306 Hatchway side and end coamings which are 24 
inches or more in height are to be stiffened by a horizontal 
bulb angle, or equivalent, fitted near the upper edge of the 
coaming; in ships 250 feet or more in length the bulb 
angles are to be not less than 7 inches in depth. Additional 
support is to be afforded by fitting brackets or stays from the 
bulb angle to the deck at intervals of not more than 10 feet. 


2307 The scantlings and arrangements of coamings 
more than 36 inches in height and of coamings acting as 
girders will be specially considered. (See D 1404 and 
D 1509 to D 1513.) 


2308 Coamings are to be made watertight above the 
deck and coaming angles are to be suitably turned or the 
coamings welded. 


Hatchway Beams and Carriers 


2309 Scantlings of hatchway beams are to be deter- 
mined from Table 43 and associated notes. 
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2310 Web plate beams are to be stiffened at their 
upper and lower edges by double angles or welded face 
plates, but when bulb plates are fitted this stiffening is 
required at the upper edge only. The upper angles or face 
plates are to extend to the extreme ends of the beams. 


2311 The ends of the web plates are to be flushed 
up on each side by doubling plates of the same thickness as 
the mounting angles and at least 7 inches wide. In welded 
hatchways beams, equivalent arrangements for stiffening the 
ends of the web plates are to be adopted. 


2312 At beams which carry the ends of wood hatch 
covers the web plate is to extend well above the top of the 
upper angles or face plate of the hatch beams. The bearing 
surface for hatch covers is to be not less than 2} inches. 
(See 2319.) 


2313 Hatchway beams are to be supported at their 
ends by carriers, sockets or other suitable arrangements, 
having a minimum bearing surface of 3 inches. Carriers 
formed of angles are to be not less than -50 inch thick and 
one angle is to be extended down to the level of the deck. 
If the carriers are of a form which will not permit of 
extension to the deck level the coaming plate is to be 
increased in thickness by 124 per cent, or equivalent 
strengthening provided. 


2314 The bottoms of all carriers are to be of solid 
construction. 


2315 Sliding hatchway beams are to be provided 
with an efficient device for locking them when in their 
correct fore and aft positions. 


Hatch Covers 

2316 Hatch covers are to be fitted to the hatchways 
of all decks, except that at hatchways on decks as defined 
in 2302 the hatch covers may be dispensed with if desired 
by the Owners and specially approved by the Committee 


when a suitable notation will be entered in the Register 
Book. 


2317 The finished thickness of wood hatch covers at 
hatchways on weather decks, and in ’tween decks of normal 
height, is to be 23 inches for an unsupported span of 5 feet, 
and 3} inches for 6 feet 6 inches; the thicknesses for inter- 
mediate spans are to be in proportion. 

When the ’tween deck height in cargo spaces exceeds 8 
feet 6 inches the thickness of the covers is to be increased at 
the rate of 5 per cent per foot excess in ‘tween deck height. 
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2318 The ends of all wood hatch covers are to be 
protected by encircling galvanised steel bands, about 2} 
inches wide and } inch thick, efficiently secured. 


2319 Hatch rests are to be of the same thickness as 
the mounting angles given in Table 43 A & B and are to 
provide at least 24 inches bearing surface for the hatch 
covers; they are to be bevelled if required to suit the slope 
of the hatches. 


Tarpaulins and Securing Arrangements 

2320 Tarpaulins in good condition are to be provided 
for all hatchways requiring coamings 9 inches or more in 
height; not less than two tarpaulins are to be provided for 
all hatchways in exposed positions. 


2321 Tarpaulins are to be free from jute, thoroughly 
waterproofed and of ample strength. The minimum weight 
of the material before treatment is to be 19 ozs. per 
square yard if the material is to be tarred, 18 ozs. if to be 
chemically dressed or 16 ozs. if to be dressed with black oil. 


A certificate to the above effect is to be supplied by 
the makers of the tarpaulins. 


2322 Cleats are to be fitted at all hatchways requiring 
tarpaulins, spaced not more than 2 feet from centre to centre, 
the end cleats being arranged not more than 6 inches from 
the hatchway corners. Cleats are to be of an approved 
pattern at least 24 inches wide, with edges so rounded as to 
minimise the cutting of the wedges. The thickness should 
be not less than 2 inch for angle cleats and 4", inch for 
smithed cleats which should be stiffened by pressing out 
the centre to form a web extending to the bottom of the 
palm. Drop forgings should be of equivalent strength. 
Cleats should be so set as to fit the taper of the wedges. 


2323 Battens and wedges are to be efficient and in 
good condition. Wedges are to be of tough wood, generally 
not less than 8 inches in length and 2 inches in width. They 
should be cut on a standard taper of one in six and should 
be not less than 4 inch in thickness at the point. 


2324 Where coamings are required to be 24 inches in 
height, steel bars or other equivalent means are to be 
provided for efficiently and independently securing each 
section of hatchway covers after the tarpaulins are battened 
down. Where hatchway covers extend over intermediate 
supports, steel bars or their equivalent are to be fitted at 
each end of each section of covers. At all other hatchways 
in exposed positions on weather decks, ring bolts or other 
fittings for lashings are to be provided. 
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Steel Hatch Covers 

2325 When steel hatch covers are adopted, plans and 
particulars of the scantlings and arrangements are to be 
submitted. 


Built steel covers are to be suitably framed to provide 
sufficient strength and rigidity, and the scantlings are to be 
determined from the formule given in Table 43, Note 6. 


Securing cleats and cross joint wedges, together with 
suitable jointing material, are to be fitted to secure the 
tightness of the covers on hatchways for which the rule 
height of coamings required by 2801 is 9 inches or more. 
The spacing of securing cleats is not to exceed 3 feet 
3 inches where rule height of coamings is 24 inches, and 
3 feet 6 inches where the rule height of coamings is 18 
inches or 9 inches. The maximum spacing of cross joint 
wedges is not to exceed 4 feet. Suitable securing arrange- 
ments are to be fitted on other hatchways. 


Steel hatch covers with special sealing arrangements, 
or insulated covers, or steel hatch covers to which the 
requirements of 2320 to 2324 might wholly or in part be 
applied, will be specially considered. 


Bunker, Access and Trimming Hatchways 

2326 The construction and the closing and securing 
arrangements of bunker, access and trimming hatchways 
are to comply with the requirements of 2301 to 2325 so far 
as applicable. 


Flush Bunker Scuttles 
2327 Flush bunker scuttles may be fitted on super- 
structure decks, including raised quarter decks. 


2328 The scuttles are to be substantially constructed 
with screw or bayonet joints. If the scuttles are not 
hinged the covers are to be permanently attached by a chain. 


Trunked Hatchways 

2329 When hatchways are trunked through one or 
more tween decks, and hatchway beams and covers are 
dispensed with at the intermediate decks, the hatchway 
beams, coamings and covers immediately below the trunk 
are to be adequately strengthened;* plans are to be sub- 
mitted for approval. 


Companionways 

2330 Companions on exposed decks are to be of steel 
effectively secured to the deck. The height of the doorway 
sill is to be as required for hatchway coamings in the same 
position. 


2331 Within the forward -25L the doors are to be of 
steel and elsewhere may be of hard wood not less than 
2 inches in thickness. The doors are to be capable of 
being operated and secured from both sides. 


Section 24 
VENTILATORS, AIR PIPES AND SOUNDING PIPES 


Ventilation, General 
2401 Ventilators are to be sufficient in number and 
size to provide adequate ventilation for all spaces. 


Where mechanical ventilation is adopted plans showing 
the construction of the weather deck fittings are to be 
submitted for approval. 


Ventilator Coamings 

2402 The minimum height of ventilator coamings 
above the upper surface of decks exposed to the weather is 
to be as follows:— 


On the uppermost continuous deck where the draught 
is the maximum permitted for the dimensions of the ship 
with the depth D measured to that deck ... 36 inches. 


On superstructure decks, including superstructures 
extending for the full length of the ship, 
for the forward:25L re a a ... 86 inches, 
for the remainder and on raised quarter decks... 30 inches. 


Ventilator coamings of a greater height than 36 inches 
are to be specially supported and secured. 


2403 The scantlings of the coamings and their attach- 
ment, if riveted to the deck plating, are to be in accordance 
with the following Table:— 


| Internal diameter of | A Riveiaat | 
ventilator coamings | Coaming | py angle | 4 dia. spacing | 
= =F plate centre to centre 
Above exceeding my Bes) ) Se 
Inches Inches Inches Dia.-Inches | 
- 8 | B00) [BexB x84 3 
8 Il | 82) |B x8ox:86 3 
ll 18 | -84 |83x83x-88 2 
13 | 15 “36 3}x35x°40 | 3 
1 ea dencgght 88 | 84.x34x-42 3 
i eed | “40 |3ix3ix-44 ; 


2404 When the deck is sheathed with wood the 
vertical flange of the coaming angles is to extend } inch 
above the wood sheathing. 
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2405 The deck plating in way of ventilator coamings is 
to be efficiently stiffened between the beams or longitudinals. 


Covers 

2406 All ventilator coamings are to be provided with 
strong plugs and canvas covers, or equally efficient 
appliances, for closing the openings when the cowls are 
unshipped. 


Minor Ventilators 


2407 Mushroom and gooseneck ventilators are to be 
strongly constructed and efficiently secured to the deck 
plating. 


Air and Sounding Pipes 


2408 Air and sounding pipes are to be fitted in 
accordance with the requirements of Chapter E. 


2409 The height of air pipes, from upper surface of 
deck to opening, on decks exposed to the weather is to be 
as follows :— 

On the uppermost continuous deck where the draught 
is the maximum permitted for the dimensions of the ship 
with the depth D measured to that deck ... 36 inches. 

On raised quarter decks ... _ 80 inches. 


On superstructure decks other than raised quarter 
decks but including those extending for the full length 
of the ship 18 inches. 


2410 Openings of air and sounding pipes are to 
be provided with satisfactory arrangements to prevent 
the free entry of water. 


2411 Striking plates of sufficient thickness, or their 
equivalent, are to be fitted under all sounding pipes. 


2412 In all cargo spaces or coal bunkers, air and 
sounding pipes are to be well protected and in coal bunkers 
the protection is to be of steel. 


Section 25 
BULWARKS, FREEING PORTS, SCUPPERS, 
SANITARY DISCHARGES AND SIDE SCUTTLES 
Bulwarks 
2501 Plate bulwarks are to be stiffened by a strong 


rail section and supported by stays from the deck, spaced 


not more than 6 feet apart. Where bulwarks are cut to 
form a gangway or other opening, stays of increased strength 
are to be fitted at the ends of the openings. The plating in 


way of mooring pipes is to be doubled or increased in 
thickness. 
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2502 The arrangements for continuity of strength at 
the ends of superstructures are to be as required by D 1206. 
Bulwarks should not be cut for gangway or other openings 
near the breaks of superstructures. 


2503 In welded ships, the bulwarks should be arranged 
to ensure their freedom from main structural stresses 
(see D 3107). 


2504 The bulwarks of ships carrying timber deck 
cargoes are to be not less than 39 inches in height and are to 
be additionally stiffened at the upper edge; bulwark stays 
are to be attached to the deck in way of beams. 


Freeing Ports 

2505 Where weather decks are enclosed by bulwarks 
ample provision is to be made for rapidly freeing the decks 
from large quantities of water by means of freeing ports. 


2506 The area of freeing port openings at upper- 
most continuous decks where the draught is the maximum 
permitted for the dimensions of the ship with the depth D 
measured to that deck, and at raised quarter decks, is to be 
as follows:— 


Length of _ Area on each Length of | Area on each 
well side | well | side 
Feet Square feet Feet Sqnare feet 
15 8 55 12 
O51. 9 65 13 
35 10 75 15 
45 11 | 85 17 


On superstructures, other than raised quarter decks, 
but including those extending for the full length of the ship, 
the area of the openings is to be half the area given in the 
preceding Table. 


In ships having deficient sheer or where there is no 
free passage for water across the weather deck, the freeing 
port area is to be suitably increased or open rails are to be 
fitted. 


Provision is also to be made for freeing water 
from all open or partially open spaces in which water 
may be shipped and contained. 


2507 The lower edges of freeing ports are to be 
as near to the deck as practicable and the openings are to 
be protected by rails spaced not more than 9 inches apart. 


STEEL SHIPS 


If hinged doors are fitted over the openings their hinges 
are to have brass pins; fittings for keeping the doors closed 
are not to be provided. 


Scuppers 


2508 Scuppers sufficient in number and size to 
provide effective drainage are to be fitted in all decks. 


2509 When the weather deck stringer angle is cut in 
way of scuppers compensation is to be provided. 


2510 Scupper pipes which drain spaces below the 
freeboard deck are to be led to the bilges, or may be led 
overboard provided the spaces drained are above the load 
waterline and the scuppers are fitted with screw-down non- 
return valves capable of being operated from a position 
always accessible and above the freeboard deck. Means are 
to be provided for showing whether the valves are open or 
closed. 


2511 Scuppers draining spaces in intact superstructures 
or in superstructures having the openings in the end 
bulkheads closed by strong hinged steel doors may be led to 
the bilges or may be led overboard and fitted if considered 
necessary with screw-down non-return valves as required 


by 2510. 


2512 Scuppers draining spaces in short superstructures 
having the openings in the end bulkheads closed by 
appliances as described in D 2301 are to be led overboard, 
with the exception of the scuppers above the machinery 
space which may be led to the bilges where the lower ends 
of the pipes are to be visible and readily accessible. 


2513 Scuppers which drain overboard from spaces 
referred to in 2511 and 2512 and which are not required to 
have storm valves with positive means of control are to be 
fitted with non-return valves of automatic type. 


2514 Scuppers draining spaces in long superstructures 
having the openings in the end bulkheads closed by 
appliances as described in D 2301 are, within the range of the 
machinery space, to be led to the bilges where the lower 
ends of the pipes are to be visible and readily accessible. 


Where additional scuppers are required to ensure 
effective drainage of the spaces clear of the machinery space 
these scuppers are to be led to the hold bilges and fitted 
with screw-down valves at the freeboard deck, the valves 
being controlled from a position which is accessible at all 
times above the freeboard or superstructure deck. Means 
are to be provided for showing whether the valves are open 
or closed. 
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2515 Plans showing the arrangement of scuppers 
for draining refrigerated cargo compartments are to be 
submitted for consideration. 


Sanitary Discharges 


2516 Sanitary discharges from spaces below the 
freeboard deck are to be provided with efficient and 
accessible means of preventing water from passing inboard. 


Each discharge is to have a screw-down automatic 
non-return valve operated from an accessible position 
above the freeboard deck. Means are to be provided 
for showing whether the valve is opened or closed. 


Alternatively, two automatic non-return valves, with- 
out positive means of closing, may be fitted provided the 
upper valve is in a position which is always accessible for 
examination. 


2517 Discharges from spaces within enclosed super- 
structures are each to be fitted with automatic non-return 
valves, but arrangements similar to those described in 2516 
may be required. 


Materials for Valves and Pipes 


2518 Castings enclosing non-return valves are to be 
of substantial construction. These castings, also the elbow 
pieces where no valves are required, are to be of approved 
material other than ordinary cast iron. The length of pipe 
attached to the valve or elbow piece is to be of galvanised 
steel of standard steam pipe quality. 


Protection of Pipes and Valves 


2519 In all cargo spaces or coal bunkers, scupper 
pipes, discharges and screw-down valves and their controls 
are to be well protected; in coal bunkers the protection 
is to be of steel. 


Side Scuttles 


2520 Side scuttles and deadlights are to be of 
approved design and are to be made of approved material 
other than ordinary cast iron. 


Side scuttles to spaces below the freeboard deck or to 
spaces within enclosed superstructures are to be fitted with 
efficient inside deadlights permanently attached and capable 
of being closed watertight. 


In enclosed superstructures permanently allocated to 
passengers or crew portable deadlights may be provided 
if stowed adjacent to the scuttles, provided they are 
accessible at all times in service. 
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Section 26 
RUDDERS 


Materials 


2601 Steel castings are to comply with the require- 
ments of P 9. 


2602 Forgings made of ingot steel are to comply with 
the requirements of P 10. 


2603 If forgings are made from scrap material, either 
iron or steel scrap may be used, but a mixture of iron and 
steel is not permitted. 


Diameter of Rudder Head and Mainpiece 
2604 The diameter of the rudder head is to be 
determined from Table 44 and associated notes. 


2605 The mainpiece of rudders with cast or forged 
frames is to be of the same diameter at the top pintle as 
the rudder head and is to taper evenly to the heel, where 
the diameter is not to be less than 75 per cent of that of 
the head. 


2606 If the supports of the rudder are so arranged 
that considerable bending stresses may occur m the main- 
piece and head these are to be suitably strengthened. 


Single Plate Rudders 


2607 The thickness of plates and scantlings of arms 
of single plate rudders are to be determined from Table 45 
and associated notes. 


2608 Arms are to be arranged on alternate sides of 
the plate and are to be shrunk on to the mainpiece and 
keyed. In way of each arm the mainpiece is to be increased 
in diameter by 10 per cent; this increased diameter is to 
extend above and below the arm for a distance equal to the 
increase in diameter and beyond these points is to be 
gradually reduced to the normal diameter of the mainpiece 
over a distance of one-fifth of the diameter. 


2609 The thickness of the key is to be 10 per cent 
of the normal diameter of the mainpiece at each arm, 
and the width is to be twice the thickness. 


Double Plate Rudders 


2610 The scantlings of cast or forged frames of 
double plate rudders will be determined in relation to their 
design. The thickness of the plates is to be derived from 
Table 46 and associated notes. 
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2611 The scantlings of rudders with plate frames 
will depend upon the arrangements adopted. The thick- 
nesses of the outside plates and of the horizontal and 
vertical web plates are to be determined from Table 46 and 
associated notes. Special attention is to be given to the 
attachment of the pintles and rudder coupling to the body 
of the rudder. 


2612 Horizontal and vertical webs are not to be 
attached to side plates by tongue welds. Slot welds are 
only to be used in association with flat bars on the edges of 
the webs. 


2613 The internal surfaces of double plate rudders 
are to be efficiently coated and means for draining the 
rudder are to be provided. 


Pintles 
2614 The scantlings of the pintles are to be determined 
from Table 47 and associated notes. 


2615 The distance between the top pintle and the 
bearing of the rudder stock should be as short as possible; 
where the ratio of the unsupported length to the diameter 
of stock is excessive the diameter of the stock may require 
to be increased or the length reduced by fitting an 
additional and accessible bearing. 


2616 Where liners to pintles are fitted they are 
to be shrunk on to the pintles or otherwise efficiently 
secured, 


Couplings 
2617 The scantlings of couplings are to be determined 
from Table 48 and associated notes. 


2618 ‘The bolts are to be fitted and suitable arrange- 
ments are to be made to lock the nuts. 


Riveting 
2619 The diameters of rivets in rudder arms are given 
in Tables 45 and 46. 


The rivets are to be spaced 4), diameters apart and the 
holes are to be countersunk. Where the breadth of the 
arm exceeds 4} inches the riveting is to be reeled and if the 
breadth exceeds 7 inches two complete rows of rivets are to 
be fitted, but, except at the outer ends of the arms, the 
rivets are not to be directly opposite to each other. 


General 


2620 Suitable arrangements are to be provided to 
prevent the rudder from lifting. 
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2621 When the weight of the rudder is supported by 
a carrier bearing attached to the rudder head the structure 
in way is to be adequately strengthened for that purpose. 
The plating under all rudder head bearings or rudder 
carriers is to be increased in thickness or doubled. 


2622 In ships with a high astern speed the scantlings 
of rudder are to be specially considered. 


Cross-reference 


2623 For strengthening for navigation in ice, see 
D 1006, D 1014 and D 1022. 


Section 27 


STEERING GEAR 
General 


2701 Allships are to be provided with two independent 
means of steering. In ships exceeding 200 feet in length 
one of the gears is to be operated by power sufficient 
to put the rudder from hardover to hardover in 30 seconds 
while the ship is going ahead at full sea speed. All gears 
are to be fitted and tested under working conditions to the 
satisfaction of the Surveyors. 


2702 Particulars of the proposed alternative means of 
steering are to be submitted for approval. Hand gear of the 
right and left handed screw and nut type is not to be fitted 
in ships exceeding 300 feet in length. 


2703 No additional means of steering will be 
required where electric or electric-hydraulic steering gear 
is fitted having two independent motors or sets of pumps 
and motors with separate leads from the source of power. 
With steam-hydraulic steering gears similar arrangements 
will be accepted. 


2704 After hand steering wheel and gear in ocean 
going ships are to be adequately protected. 


2705 The steering gear is to be secured to the seating 
by fitted bolts and suitable buttressing arrangements are 
to be provided. 


Tillers and Quadrants 


2706 The scantlings of tillers and quadrants are to 
be as given in Tables 49 and 50. Tillers and quadrants 
are to be shrunk on or bolted to the rudder head, in 
addition to being secured by a key of suitable dimensions. 
The keyways are to have rounded ends. The thickness of 
quadrant plates is to be 1 per cent of the radius given in 
the Table. The area of the arms at ends may be one-third 
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of the area given in Table 49. Arms of loose quadrants 
not keyed to the rudder head may be of these reduced 
dimensions throughout their length, and the depth of the 
boss may be reduced by 10 per cent. 


Rod and Chain Gears 

2707 Steering rods and chains are to have the 
diameters required by Table 49 for the radius of quadrant 
given therein. Shackles, shackle pins, links and other 
connections are to be suitable for the size of chain. 


2708 All steering chains are to be subjected to the 
breaking and proof tests for short link chains given in P 17. 
These tests are to be carried out at a proving establishment 
recognised by the Committee and the certificates are to be 
produced. 


2709 The leads of the steering chains are to be as 
direct as possible and sharp bends are to be avoided. 
The diameters of leading block sheaves, measured at 
the centre of the chain, are to be not less than sixteen 
times the diameter of the steering chains; the pins of the 
sheaves are to have not less than twice the diameter of the 
chains. 


2710 A set of spares is to be provided consisting of 
one complete spring buffer and one extra spring, two tested 
chains each equal to the longest length in the gear, two 
Warwick screws, four shackles, four connecting links and 
four rod pins. | 


In ocean going ships, the speed of which is 12 knots 
and above, one buffer spring, one Warwick screw and one 
length of chain may be dispensed with. 


In ships engaged on short sea routes which have either 
a main gear which is hand operated at sea or an auxiliary 
gear, independent of the rods and chains, which can be 
effectively operated at sea, the spare gear may be confined 
to sufficient shackles or split links to enable repair of the 
gear to be readily effected in the event of its breakdown 
at sea. In all other ships engaged on short sea routes, 
the spare gear is to be as required for ships the speed of 
which is 12 knots and above. 


Springs 
2711 Springs, buffers or equivalent arrangements are 
to be fitted to all main steering gears. 


Locking or Brake Gear 


2712 = An efficient locking or brake arrangement is 
to be fitted to all gears to keep the rudder steady when 
necessary. 
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In bow rudders where a vertical locking pin is operated 
from the deck above, positive means are to be provided to 
ensure that the pin can be lowered only when the rudder is 
exactly central. In addition, an indicator is to be fitted at 
the deck to show when the rudder is exactly central. 


Rudder Stops 


2713 Stops for the rudder are to be provided and 
strongly secured to the deck in way of the tiller or quadrant 
tiller. Stops on the steering engine are to be arranged 
at a smaller angle of helm than those for the rudder. 


Section 28 
MASTS AND RIGGING 


Masts and Derrick Posts 


2801 The scantlings of stayed and unstayed masts 
and derrick posts equipped with derricks of normal outreach 
intended for a working load not exceeding 8 tons each are 
to be determined from Table 51 and associated notes. 
Yor stayed masts the Table does not provide for more than 
one derrick plumbing any one hatch or for two derricks 
working outboard; the load for use inthe Table is the 
working load of the heaviest derrick on the mast. For 
unstayed masts or derrick posts, the Table provides for two 
derricks working simultaneously in one direction and the 
load to be used in the Table is the sum of the working loads 
of the two derricks. , 


2802. The scantlings and arrangements will be specially 
considered if desired when : 
the working load of any derrick exceeds 8 tons; or 
the length of a derrick exceeds the length of the mast or 
derrick post by more than 20 per cent; or 
the derrick heel fitting is more than 8 feet above the 
deck; or 
for stayed masts, the arrangement of standing rigging 
differs from that given in 2804. 


2803 Masts and derrick posts are to be increased 
in thickness, or doubled, at the heel, deck and hounds and 
in way of the derrick fittings ; they are to be efficiently 
supported below the heel. 


Standing Rigging 


2804 Two shrouds, of standing rigging quality as 
defined in P 1803, are to be fitted on each side of stayed 
masts. The shrouds are to be attached at the sides of the 
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ship at distances forward and aft of the mast each equal to 
one quarter of the beam of the ship or one quarter of the 
length of the mast, whichever is the greater. The circum- 
ference of each shroud is to be 2} inches where there are no 
derricks, 4 inches where four-ton derricks are fitted, and 
5 inches where eight-ton derricks are fitted. Alternative 
arrangements of standing rigging will be considered in 
conjunction with the scantlings of the masts. Topmasts are 
to be efficiently stayed. 


2805 Particular attention is to be paid to the strength 
and workmanship of all parts of the rigging and its 
connections. Smithwork is to be of best quality wrought 
iron or mild steel. The hull structure is to be effectively 
strengthened in way of chain plates or similar fittings. 
Standing rigging is to be properly set up. 


Masts with Outriggers 


2806 Where outriggers at mast heads are of unusual 
spread the scantlings of masts and rigging will be specially 
considered. 


Cross-references 
2807 For riveting, see Table 52 H. 
For lightning conductors, see M 19. 


Section 29 


CEILING AND CARGO BATTENS 
Ceiling 
2901 In single bottom ships close ceiling is to be laid 


on the floors to the upper part of the bilges. Limber boards 
are to be arranged to provide easy access to the bilges. 


2902 In ships having double bottoms ceiling is to be 
laid over the bilges and under hatchways; the ceiling over 
the bilges is to be arranged with hatches which are readily 
removable. Ceiling under hatchways may be omitted 
provided the thickness of the inner bottom plating in way 
is increased by -08 inch. 


2903 ‘The spaces between the frames at the top of the 
bilge ceiling are to be closed by wood chocks and cement or 
other suitable means. 


2904 Ceiling is to be laid either directly on the inner 
bottom plating embedded in a substantial composition such 
as Stockholm tar and cement, or on battens providing a 
clear space of at least 4 inch for drainage. (See 2907.) 


STEEL SHIPS 


2905 The thickness of wood ceiling is to be not less 
than 2 inches in ships exceeding 200 feet in length nor than 
2 inches in smaller ships. 


2906 Where the covers or fittings of the manholes of 
the inner bottom in cargo holds project above the plating 
they are to be protected by a steel coaming around each 
manhole, fitted with a hatch of wood or steel. 


Cross-references 


2907 The requirements for ceiling over double bottom 
tanks where oil fuel is carried are given in D 2026. 


2908 For ceiling in ships which are to be regularly 
discharged by grabs, see D 525. 


For arrangements in way of refrigerated holds, see 
N 415 to N 416. 


Cargo Battens 

2909 Cargo battens are to be fitted in the holds from 
above the upper part of the bilge to the under side of beam 
knees, and in all cargo spaces in *tween decks and super- 
structures up to the under side of beam knees. 


2910 Wood cargo battens are to be 2 inches in 
thickness in ships exceeding 200 feet in length and 1} inches 
in smaller ships; the clear space between the adjacent rows 
is not to exceed 9 inches. 


2911 Battens may be dispensed with at the request 
of the Owners; the notation “NS” will appear in the 
Register Book. 


Section 30 
PROTECTION OF STEELWORK 
Cementing 


3001 In single bottom ships the shell plating and 
framing to the upper part of the bilges are to be effectively 
covered with Portland or other approved cement, mixed 
with sand to form a suitable composition. Free edges of 
cement are to be of proper thickness. Clear watercourses 
are to be maintained throughout. 


3002 In double bottoms under the boiler room the 
frames and shell plating are to be efficiently cemented unless 
the tanks are used solely for oil fuel; elsewhere inside the 
double bottom the cement may be dispensed with. The 
bilges are to be cemented or coated with a suitable composi- 
tion; if cement is used it should not extend above the upper 
edge of the inboard flange of the margin angle. 
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3003 When it is desired to apply asphalt or a similar 
composition its use is to be sanctioned by the Owners and 
approved by the Committee. 


Painting 

3004 All steelwork not protected as required by 3001 
to 3003 is to receive at least two coats of paint of suitable 
composition except inside tanks intended for oil; tanks not 
intended for oil may be coated with cement wash. 


General 

3005 Care is to be taken that all surfaces are 
thoroughly cleaned and in a suitable condition to receive 
the coating to be applied. 


All practicable steps should be taken to ensure that 
the mill scale has been removed or weathered off before 
painting and with this in view the coating of external 
steelwork should be delayed as long as possible. 


3006 Experience has shown that when several months 
elapse between the dates of launching and commissioning 
it is highly desirable to dry-dock ships immediately before 
going into service, in order to clean, examine and recoat 
the bottom. Experience has also shown the desirability 
of dry-docking for the same purpose when a ship has been 
about six months in service. 


Section 81 
WELDED CONSTRUCTION 
General 
3101 Where electric arc welding is to be used for the 
main structure the arrangement of the plating, disposition 
and type of joints, together with the proposed sequence of 
prefabrication, assembly and welding, are to be submitted 


for approval. The extent to which automatic welding is to 
be used should be indicated. 


Details of welded connections of main structural mem- 
bers with type and size of welds are to be clearly indicated 
on the plans submitted for approval. 


The approved arrangements, sequences and pro- 
cedures are not to be departed from without approval. 


3102 The structural arrangements are to be such as 
will admit of easy access for welding operations and will 
facilitate the use of downhand welding wherever possible. 


The type and disposition of connections and sequences 
of welding are to be so planned that any restraint during 
welding operations is reduced to a minimum. 
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3103 The electrodes used are to be approved by the 
Committee and are to be snitable for the type of joint. The 
requirements for electrodes are given in P19. 


Quality of Material 


3104 For ships of 300 feet in length and over, in 
which the seams and butts of the shell plating and strength 
deck are welded, steel conforming to the requirements of 
P 5 will generally be required for the following parts of the 
main structure when the thickness exceeds -80 inch:— 


Sheerstrake, stringer plating and deck plating of 
strength deck within -4L amidships and plating at breaks 
of superstructure and corners of openings outside -4L 
amidships. 


Bottom shell to upper turn of bilge within -4L amid- 
ships. When the bottom shell is of P 5 steel, the keel is also 
to be of that quality. 


When necessary the application of the above require- 
ments to ships less than 300 feet long will be specially 
considered. 


3105 In ships over 350 feet in length, a riveted 
stringer angle, or alternatively a gunwale construction 
incorporating steel of specially high notch toughness, may 
be required. 


Structural Details . 


3106 Special attention is to be paid to structural con- 
tinuity. Abrupt changes of shape or section and all sharp 
corners are to be avoided. The plating at corners of all 
openings in strength decks and shell plating is to be well 
rounded, 


Where the deck is connected to the main hatchway 
coamings by welding, the deck opening and the coamings 
at the corners of the hatchways are to be rounded with a 
radius of not less than »\; of the breadth of the opening; 
the minimum radius is to be 6 inches. 


If the deck plating extends inside the coamings the 
coamings may be square at the corners, provided the side 
coamings are extended in the form of a tapered bracket 
and the deck plating at the corners is rounded as required 
by the preceding paragraph; the minimum radius in this 
case is to be 12 inches. , 

Where the deck is connected to the coamings by weld- 
ing, the strength deck plating at the corners of all large 
openings is to be increased in thickness; welded doubling 
plates are not to be fitted. The seams and butts of the deck 
plating are to be kept well clear of hatch corners. 
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Where the deck plating stops at the coaming and is 
welded thereto, through penetration welds are to be used. 
Where the deck plating extends inside the coaming, the 
free edges of the plating in way of the hatchways are to be 
reasonably smooth and free of weld attachments. 


Arrangements at the welded corners of machinery - 
casings will be specially considered. 


3107 Bulwarks, fairlead stools, mouldings, or other 
fittings are not to be welded to the top of the sheerstrake 
within -5L amidships. The top edge of the sheerstrake is 
to be free of all notches and is to be reasonably smooth. 


The endings of bulwarks, bilge keels or similar attach- 
ments to the hull are to be gradually tapered. 


3108 Where stiffening members cross butts or seams 
of plating the webs of the stiffening members should be 
scalloped. The webs of stiffening members and bilge 
keels should also be scalloped at their butts. 


Local concentration of welds should be avoided. 


Where thick plates are butt welded to thin plates the 
edge of the thick plate may require to be chamfered. 


3109 Individual connections part welded and part 
riveted are to be avoided and shall not be adopted unless 
specially approved. 


3110 The thickness of plating may in certain cases 
require to be increased to take account of the greater area 
of panels resulting from the omission of faying flanges of 
the supporting structure. 


Welded Joints and Connections 


3111 Burr Wetps_ Butt welds should be adopted 
in preference to overlaps for joints in the main structure. 
In general, the edges of plates to be joined by manual weld- 
ing are to be bevelled on one side or on both sides of the 


‘plates to provide an included angle of from 50 to 60 degrees. 


Where it is desired to adopt other forms of edge 
preparation full details are to be submitted for approval. 


A back sealing run is to be applied to all single V 
butt welds and to square edge butts where main welding 
is carried out from one side only. 


3112 Fitter Wetps The dimensions of fillet welds 
for various structural connections are to be as required by 
Table 52. 


STEEL SHIPS 


3113 Trr Connections The leg length of the fillets 
is to be governed by the thickness of the abutting plate or 
web. Where the difference between the thicknesses of the 
parts to be joined is considerable, the size of the fillet will 
be specially considered. 


Tee connections should be made by fillets on both 
sides of the abutting plate. Where the abutting plate is 
bevelled a sealing run should be applied on the reverse side. 


3114 Iyrermirrent Fititets The length of inter- 
mittent welds is to be measured over the correctly 
proportioned fillet, clear of end craters. 


As an alternative to intermittent welding the 
scalloped arrangement shown in Table 52 G may be used 
where permitted by Table 52 H. (See also 3115.) 


As a further alternative to intermittent welding, 
double continuous fillets may be used. These are to be of 
the size required for Type 3, Table 52 G, when substituted 
for staggered welding and Type 2, Table 52 G, when substi- 
tuted for chain welding. 


Intermittent fillets are to be doubled at, and carried 
round the end of brackets of, hold frames, longitudinals, 
- beams, bulkhead and floor stiffeners, and of floors to shell, 
inner bottom and centre girder. 


3115 ScaLtoprs anp Notcues The details of scalloped 
construction are given in Table 52G. All scallops are to 
have well rounded corners and smooth edges. Scallops are 
not to be cut in way of the toes of bracket connections or 
at other parts where stress concentrations may develop. 


Scallops in side frames, longitudinals and stiffeners 
are to be omitted for at least 9 inches on each side of the 
intersection with a primary supporting member. 


Notches in primary supporting members are not to be 
larger than necessary, and are to have well rounded corners 
and smooth edges. When notches occur at points where 
stress concentration may develop, such as adjacent to the 
toes of brackets, a welded collar or equivalent reinforce- 
ment is to be fitted. 


Additional Attachment 


3116 Welded connections may be required to be in- 
creased to meet particular local stresses, or where otherwise 
necessary. 


Overlap Joints 


3117 Where overlapped joints of plating are adopted, 
the breadth of the overlap is to be four times the thickness 
of the thinner of the plates so joined, but need not exceed 
2 inches. 
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Workmanship 


3118 Welding operators are to be proficient in the 
type of work on which they are engaged. A sufficient 
number of skilled supervisors is to be provided to ensure 
effective control at all stages of assembly and welding 
operations. The welding plant and appliances are to be 
suitable for the purpose intended and are to be maintained 
in an efficient condition. 


3119 Procedures for the welding of all joints are to be 
established for the types of electrode, edge preparation 
and welding position proposed. For this purpose, the 
surveyors may require sample tests to be prepared under 
similar conditions to those which will obtain during con- 
struction. 


The diameter of electrode, current, voltage, rate of 
deposit and number of runs are to conform, as far as practic- 
able, to those established in accordance with the preceding 
paragraph. Provision is to be made for checking the current 
in the vicinity of the arc. 


3120 The preparation of plate edges is to be accurate 
and uniform. All joints are to be properly aligned and 
closed or adjusted before welding. Excessive force is not 
to be used in fairing and closing the work. Means are to 
be provided for holding the work in proper alignment with- 
out rigid restraint during welding operations. 


Where excessive gaps exist between surfaces or edges 
to be joined, the corrective measures adopted are to be to 
the satisfaction of the Surveyors. 


3121 Tack welding should be kept to a minimum and 
where used the tack weld should be equal in quality to 
the finished welds. All defective tack welds should be cut 
out before completing the finished welds. 


Care should be taken when removing tack welds and 
temporary fittings used for assembly to ensure that the 
material of the hull is not damaged. 


3122 The surfaces of all parts to be welded are to be 
clean, dry and free from rust, scale and grease. The surfaces 
and boundaries of each run of deposit are be to thoroughly 
cleaned and free from slag before the next run is applied. 


Before a sealing run is applied to the back of a weld, 
the original root run is to be cut back to sound metal. 


Welding is to proceed systematically, each welded 
joint being completed in proper sequence without undue 
interruption. 
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Adequate protection is to be provided where welding 
is required to be carried out in exposed positions in wet, 
windy or cold weather. In cold weather precautions 
should be taken to screen and pre-warm the work to 
prevent too rapid cooling of the weld; special care is 
necessary when welding thick material. 


3123 All finished welds are to be sound, uniform and 
substantially free from slag inclusions, porosity, under- 
cutting or other defects. Care is to be taken to ensure 
thorough penetration and fusion. 


3124 Where the structure embodies both welding 
and riveting, welded joints are in general to be completed 
before riveting in their vicinity. 


Inspection 


3125 Effective arrangements are to be provided for 
the inspection of finished welds, in order to ensure that 
all welding has been satisfactorily completed. 


Visual inspection may require to be supplemented by 
other forms of non-destructive crack or flaw detection 
methods for the examination of important structural 
welds. A system of radiographic examination should be 
used wherever practicable, and where this is available the 
Surveyors are to collaborate with the builders in this 
system of inspection.’ 


All defective sections of welds are to be cut out and 
carefully rewelded. 


3126 Alternative proposals for methods of welding 
considered by the Committee to be equivalent to those 
set forth in the Rules will be accepted. 


Welding of Aluminium Alloys 


3127 Where welding of aluminium alloys is employed, 
the requirements as laid down in this section are to be 
carried out in so far as they are applicable, with the following 
additions :— 


The edges of the material to be welded are to be clean 
and freed from grease by chemical or solvent cleaning. 
The joint edges should be scratch brushed—preferably 
immediately before welding—in order to remove oxide or 
adhering films of dirt, filings, etc. 


Parts to be welded should be set up in such a way that 
contraction stresses are kept to a minimum. 
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RIVETED CONSTRUCTION 


Riveted Connections 


3201 The requirements for riveted connections and 
the diameter and spacing of rivets in the various parts of 
the structure are given in Table 52. The diameter of the 
rivets is to be regulated, in general, by the greater thickness 
of the parts to be connected, but where the difference is 
considerable special consideration will be given. (See also 
Notes to Table 52.) Where frame spacing wider than that 
given in the Tables is adopted the diameter and the number 
of rows of rivets are to be regulated by the thickness of the 
plating required at the Table frame spacing. 


3202 The breadths of the flanges of connecting angles 
or other sections are to be generally not less than four times 
the diameter of the rivet for rivets up to % inch in diameter 
and three and one-half times for rivets of 1 inch diameter or 
over. 


3203 Chain riveting is to be adopted for the butts 
and seams of plating. In the connections to bar keels, 
stems and sternframes and in double riveted stringer angles, 
boundary angles and frame connections the rivets are to be 
reeled. 


Form of Rivets 

3204 Rivets are to be suitably formed to fill the rivet 
holes completely. Where the holes have been punched the 
rivets are to be increased under their heads. The heads of 
pan headed rivets are to have a depth of -7 and a diameter 
at the bottom of the head of 1-6 times the diameter of the 
rivet. Where countersunk headed rivets are used the heads 
are to be suitable for the countersinking of the material. 


Countersinking 


3205 Rivet holes are to be countersunk on the 


.caulking side of plating, and in boundary connections, of 


shell, weather decks, inner bottom, double bottom tank ends, 
crowns and bulkheads of peak tanks, deep tanks and oil fuel 
bunkers. The holes in the margin plate to take gusset plate 
rivets are also to be countersunk. 


3206 The countersinking of the holes is to extend 
through at least nine-tenths of the thickness of the plates or 
angles where the thickness does not exceed -50 inch and 
through at least eight-tenths where the thickness is above 
-50 inch. 


STEEL SHIPS 


3207 The angle of countersink for material not 
exceeding ‘50 inch in thickness is to be about 60 degrees; for 
plating exceeding this thickness the angle is to be about 
45 degrees. 


Workmanship 

3208 Workmanship is to be well executed and sub- 
mitted to close inspection throughout the preparation and 
building of the ship. The various parts of the structure 
are to be faired and properly closed. 


3209 Punches, dies and shears are to be maintained 
in good condition and the clearance between the punch and 
the die is to be kept as small as possible. 


Plating 

3210 The preparation of plate edges is to be accurate 
and uniform. Shearing is to be carried out from the faying 
surface wherever practicable. Any burr on plates or sections 
preventing the closing of work is to be removed. 


3211 All caulking edges are to be planed, flame cut, 
chipped fair, or otherwise suitably prepared. 


Liners and Joggling 

3212 Where plates or sections are joggled care is to 
be taken that the joggle is of the correct depth and rivet 
holes are to be clear of the joggle. 


2213 Liners, if fitted, are to be in one piece of the 
proper thickness and of breadth not less than the flange 
of the faying section. Holes in liners are to be of the same 
diameter as those in the plate and section. 


Riveting 

3214 Rivet holes may be drilled or punched and are 
to be countersunk where required by 3205 to 3207. 
Punching is to be carried out from the faying surface 
wherever practicable. 


$215 Any burr caused by drilling or punching is to 
be removed before the work is closed for riveting. 


3216 Unfair rivet holes are to be remedied by 
reamering and rivets of an appropriate diameter are to be 
used. Where necessary the holes are to be recountersunk 
and the faying surfaces cleaned. 


3217 Rivet holes in the frames at the turn of the 
bilges and at bossing are not to be drilled or punched to 
their full diameter before the frames have been shaped. 


3218 Service bolts of requisite size and number are 
to be used to hold the parts in position and in close contact. 
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3219 The heads of the rivets are to be properly laid up 
and the work performed so that the holes are completely 
filled. Points of rivets are to be kept full but are not to be 
spread over the plating. In holes which are not countersunk 
the rivets are to be finished with specially full or snap points. 


3220 Rivets in all parts are to be spaced to ensure 
the efficient closing of work. Particular care is to be taken 
with three-ply riveting. 


Caulking 

3221 Caulking is to be thoroughly executed. Stop- 
waters of suitable material may be fitted where necessary; 
otherwise the use of soft packing is to be kept to a minimum. 
Thick packing is not to be used. 


Oil-tight Riveted Work 
3222 The requirements of 3201 to 3221 are to be 
complied with. 


3223 Faying surfaces are, in general, to be fitted steel 
to steel; but where packing is necessary the material used 
is to be as thin as possible and not soluble in oil. 


3224 Where there may be difficulty in securing fairness 
rivet holes are to be drilled in position or punched small 
and reamered. 


3225 Where boundary angles are double both flanges 
of each bar are to be caulked and countersunk headed rivets 
are to be used. 


3226 Where fitted on caulking surfaces angle or T-bar 
connections are to be caulked. 


3227 Attachments of fittings are to be made as far as 
possible without piercing the plating; where through 
fastenings are necessary they are to be tapped and efficiently 
secured to the plating. 


Section 33 


EQUIPMENT 
General 
3301 The regulations governing the assignment of the 
figure 1 for equipment are contained in B 201 and B 202. 


3302 To entitle a ship to the figure 1 the equipment 
is to be in accordance with the following requirements and 
Table 53. For ships engaged on a special or restricted 
service an equipment less than the Table requirements may 
be approved by the Committee if considered suitable for 
the particular service on which the ship is to be engaged. 
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Equipment Number 

3303 The equipment of anchors, chain cables, 
wires and ropes given in Table 53 and associated notes 
is based on an ‘‘Equipment Number” which is to be the 
sum of the numbers calculated as follows:— 


For the Hull:— 
Number =L (B+-d)+--85 L (D—d) 


(For definitions of L, B, D and d see D 201 to D 204; 
D is to be measured to the uppermost continuous deck.) 


For Superstructures, i.e., for those parts of the 
structure which extend athwartships to the side of 
the ship or are set inboard not more than 12 inches; 
also for continuous trunkways:— 


Number=°85 (1h) 


where l=overall length of superstructure, including 
rounded ends, in feet, 
h=height from deck to deck, in feet. 
Projections beyond the length 1, i.e., structure not 
extending to, or within 12 inches of, the side of the 
ship may be treated as Other Erections. (See below.) 
Where promenade spaces are enclosed by screens at 


the side of the ship, the length so enclosed is to be 
treated as superstructure. 


For Other Erections :— 
Number=:-75 (h x1) 


where h=height; in feet, 
=overall length, in feet. 


The following need not be included in computing the 
number :— 


All parts outside the length L. 


Isolated erections when both length and breadth 
are less than one-half B. 


Hatch coamings unless forming part of a continuous 
trunkway. 


Anchors 


3304 Anchors are to be of approved design. The radii 
on all parts of the anchor head are to be as large as pos- 
sible, particularly where there is a considerable change of 
section. The heads of stockless anchors, including pins 
and fittings, are not to be less than 60 per cent of the total 
weight of the anchor. Where anchors with stocks are pro- 
vided the weight of the stock is to be 25 per cent of the 
total weight of the anchor including shackle, etc., but 
excluding stock. 
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Chain Cables 


3305 Chain cables may be of wrought iron, mild 
steel or special quality steel in accordance with the require- 
ments of P 1701. The form and proportions of the links 
and lugless or D shackles are to be in accordance with 
recognised practice. 


Testing of Equipment 


3306 All anchors and chain cables are to be tested 
at establishments and on machines recognised by the 
Committee or controlled by a Government, municipal or 
similar responsible body, and in accordance with the 
requirements of P 15, P16 and P 17. 


Test certificates showing particulars of weights of 
anchors, or size and weight of cable and of the test loads 
applied are to be furnished. These certificates are to be 
examined by the Surveyors when the anchors and cables 
are placed on board the ship. 


3307 The notation “LACP” will be entered in the 
Appendix to the Register Book when the anchors and 
chain cables have been tested at licensed proving 
establishments in Great Britain or have been tested under 
the supervision of the Society’s Surveyors at other 
proving establishments on machines recognised by the 
Committee. 


3308 When the anchors and chain cables have been 
tested on a machine controlled by a Government, 
municipal, or similar responsible body in accordance with 
the Rule requirements, although not under the supervision 
of the Society’s Surveyors, and test certificates signed 
by a competent authority are produced for the Surveyor’s 
examination and verified, the equipment will be accepted, 
but the notation “LACP” will not be made in the Appendix 
to the Register Book. 


3309 Steel wire ropes are to be tested as required 
by P 18. 


Arrangements for Working and Stowing Anchors 


and Cables 
3310 A windlass of sufficient power and suitable for 
the size of chain cable is to be fitted and efficiently bedded 
and secured to the deck. The thickness of the deck in way 
of the windlass is to be increased and adequate stiffening 
is to be provided, to the Surveyor’s satisfaction. 


3311 An easy lead of the cables from the windlass to 
the anchors and chain locker is to be arranged. 


STEEL SHIPS 


3312 Hawse pipes are to be of ample thickness and of 
a suitable size and form to house the anchors efficiently. 
Substantial chafing lips are to be provided at the shell and 
deck. The shell plating and framing in way of the hawse 
pipes are to be reinforced as necessary. 


3313 The chain locker is to be of a capacity and depth 
adequate to provide an easy direct lead for the cable into 
the chain pipes, when the cable is fully stowed. Chain 
or spurling pipes are to be of suitable size and provided 
with chafing lips. The port and starboard cables are to 
be separated by a division in the locker, and provision is 
to be made for securing the inboard ends of the cables to 
the structure. 


3314 Satisfactory arrangements are to be made for the 
stowage and working of the stream anchor if provided. 


Cross-reference 
3315 For the equipment of tugs, see D 3511. 


Section 34 


RECOMMENDATIONS IF ADDITIONAL 
STRENGTHENING FOR HEAVY CARGOES 
IS DESIRED 

General 

3401 The following recommendations are inserted for 
the guidance of Owners who desire to provide additional 
strengthening to ships regularly engaged in onerous heavy 
cargo trades. 


3402 The scantlings, arrangements and equipment 
should be as required by Sections D1 to D 33, modified 
as follows. 


Structural Design 


3403 The double bottom and strength deck should be 
longitudinally framed. 


Double Bottom Structure 

3404 Pxiare Fioors Under cargo holds abaft -25L 
from forward plate floors should be fitted on alternate 
frames in way of the hatchways, but may be on every 
third frame, with maximum spacing of 8 feet, clear of 
hatchways. 


3405 Inner Borrom Loneitupinats _ The section 
modulus of the inner bottom longitudinals shall be derived 
from Table 10 and associated notes increased by 20 per cent 
in way of the hatchways and 10 per cent clear of the hatch- 
ways. 
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Struts should not be fitted to the longitudinals be- 
tween the floors. 


3406 CrnTRE GirpeR When the maximum spacing 
of the plate floors is 8 feet, the height of the centre girder 
should be increased 20 per cent above that required by 
Table 6; when the maximum spacing of floors is 6 feet or 
less, the height of the centre girder may be as required by 
Table 6. 


3407 Sipe GirpErs Side girders should not be less 
than required by D 503. 


An additional side girder should be fitted abaft the 
engine room, extending for the full length of the hold. 


3408 Inner Borrom Piatina The thickness of the 
inner bottom plating should be increased by -20 inch above 


the requirements of Table 6 or alternatively double ceiling 
should be fitted. 


Side Framing 

3409 In the holds the height of the tank side brackets 
above the tank top as required by Tables 6 and 11 should 
be maintained. The arms of the lower deck beam knees 
should be increased by 6 inches and the riveting corres- 
pondingly increased. ‘he frames and beams should not 
be reduced in size on account of this increase. 


Decks 

3410 The sectional area of the strength deck plating 
as derived from Table 18 and associated notes should be 
increased by 10 per cent for -4L amidships. 


3411 Srrone Hatcn Sipe Coamines anp EnpD 
Beams uNDER Cargo Decks The scantlings should be 
determined by the numeral derived from the notes to 
Table 29 increased by 10 per cent. 


Section 35 
TUGS 
General 


3501 The scantlings and arrangements of tugs are to 
be as required by the preceding Sections of this Chapter 
except where otherwise specified in this Section. 


The draught d, used for determination of scantlings, 
is not to be less than -85 D. 


Class 
3502 Tugs built in accordance with the requirements 


of this Section will be classed 100A1 Tug. 
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3503 Where tugs are intended for service in sheltered 
waters only, the class will be Al Tug with a class notation 
indicating the limits of the service. Suitable modifications 
in the scantlings, arrangements and equipment may be 
approved by the Committee. 


Floors 

3504 Floors in tugs having single bottoms may be 
flanged 34 inches on the upper edge instead of having 
reversed frames, except in the engine room and under the 
boiler bearers where double reversed frames are to be fitted 
as required by D 407. 


Keelsons : 
3505 The scantlings of keelsons are to be in accordance 
with the requirements for tugs given in Table 5. 


Bulkheads 

3506 Watertight bulkheads are to be constructed 
generally as required by D 16, but the stiffeners may be 
determined from Table 35. 


Machinery Casings 


3507 Machinery casings are to be not less in height 
than 3 feet above the upper surface of the deck. 


Casings extending to the bottom of the beams are to 
be connected to the beams; the deck connection may be 
made by a single riveted angle or equivalent. If the 
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casings do not extend to the bottom of the beams the 
casing connection to the deck is to be double riveted or 
equivalent. 


3508 Machinery casings are to be made watertight 
and hose tested. 


3509 A strong through beam is to be fitted at the deck 
level between the engine room and boiler room openings. 
A through beam should also be fitted in motor tugs when the 
machinery opening is of considerable length, and the casing 
stiffened by webs. 


Panting and Strengthening of Bottom Forward 

3510 The arrangements to resist panting, required by 
D 9, do not apply to tugs below 150 feet in length. In tugs 
150 feet or more in length additional stiffening is also to 
be fitted in the ’tween decks throughout the panting region. 


The requirements of D 8 for strengthening of bottom 
forward do not apply to tugs. 


Equipment 

3511 The regulations governing the assignment of 
the figure 1 for Equipment are defined in B 201 and B 202. 
The equipment is to be determined from Table 54 and 
associated notes. The equipment numeral is to be L(B+D) 
without addition for casings or other erections. (See D 3303.) 


Chapter D 


PETROLEUM TANKERS 


Section 40 
2 GENERAL 
Application 

4001 The class 1OOA1 Oil Tanker will be assigned in 
accordance with the provisions of Chapter B to all sea-going 
petroleum tankers when the requirements of the relevant 
rules have been complied with. 

The scantlings and arrangements of tankers intended 
for liquid cargoes in bulk, other than petroleum, will be 
specially considered in relation to the nature, density and 
temperature of the cargo to be carried. In such cases the 
class notation may be suitably modified. 

Sections D 1 to D 33 apply to tankers except as other- 
wise required by the following Rules. 


Method of Construction 

4002 The following Rules and Tables set forth require- 
ments for welded construction with certain modifications 
when riveting is adopted. 


Structural Design 

4003 The following Rules are intended for single deck 
tankers having two longitudinal bulkheads, with the 
machinery aft, and framed in the cargo tank spaces either 
on the longitudinal system at bottom, sides, deck and 
longitudinal bulkheads, or alternatively, on the combined 
system with longitudinal framing at the bottom and deck, 
and transverse side framing and vertical stiffening on the 
longitudinal bulkheads. 

Approval will be given for other systems of construction 
or arrangements if these are considered equivalent to the 
Rule requirements. 

If the proportion of length to depth exceeds fourteen, 
or the ratio of breadth to depth is extreme, or the ratio 
of tank space to length of ship is abnormally low, specially 
increased scantlings will be required. 


Quality of Material 
4004 Where the seams and butts of the shell plating 
and strength deck are welded, steel conforming to the 
requirements of P5 will generally be required for the 
following main parts of the structure:— 
Sheerstrake, strength deck stringer and deck plating, 
bottom plating from keel to upper turn of bilge, 
within -5L amidships, also for sheerstrake, stringer 
and deck plating at breaks of superstructures outside 
‘SL amidships, when the thickness of the plating 
exceeds 80 inch. 
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Where the bottom plating is required to be steel of 
the above quality, the keel plate is also to be of the 
same quality. 

In tankers over 350 feet and not exceeding 475 feet 
in length, the connection of the stringer plate to the sheer- 
strake should be riveted. 

In tankers over 475 feet and not exceeding 550 feet in 
length the connection of the stringer plate to the sheerstrake 
and the seams of the bilge strake should be riveted. 

In tankers over 550 feet and not exceeding 600 feet in 
length an additional longitudinal riveted connection should 
be arranged in the bottom shell and in the upper deck, in 
the vicinity of the longitudinal bulkheads. 

In ships over 600 feet in length, in addition to the 
above requirements, the lower edge of the sheerstrake 
should be riveted. 

Alternatively, all-welded construction incorporating 
strakes of steel of specially high notch toughness in the 
locations mentioned above may be accepted. r 

Steels approved for this purpose must comply with the 
Society’s prescribed specifications and production tests for 
high notch tough steel. 


Length of Tanks 

4005 If the length of any oil tank exceeds 40 feet the 
scantlings and arrangements of the boundary bulkheads 
will be specially considered. 


Cofferdams 

4006 Cofferdams are to be provided at the forward 
and after ends of the oil cargo spaces unless these are 
separated from the ends of the ship by a pump room; 
cofferdams are to be at least 3 feet in length and are to 
cover the whole area of the end bulkheads of the cargo 
spaces. 


Superstructures 

4007 A forecastle of not less than -07L in length is 
to be fitted. 

The machinery space is to be protected by a poop of 
sufficient length to cover the machinery casings, or the 
poop may be dispensed with provided the machinery casings 
are protected by a deckhouse of equivalent strength. 

The height of superstructures is to be at least 6 feet 
where L is 250 feet or less and 7 feet 6 inches where L 
is 400 feet or more, with intermediate values in proportion. 
(See D 45.) 
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Freeing Arrangements and Gangway 
4008 Ships with bulwarks are to have open rails fitted 
for at least half the length of the exposed part of each well. 
A strong, permanent fore-and-aft gangway is to be 
fitted at the level of the superstructure decks. 


Rudder 

4009 The diameter of the rudder head and of the 
pintles is to be increased by 10 per cent above the require- 
ments of D26. The remaining scantlings of the rudder 
are to be based on the increased diameter of the rudder head; 
the quadrant, tiller and steering gear need not be similarly 
increased. ; 

The requirements of D1006 and D 1014 for navigation 
in ice are to be applied when applicable. 


Submission of Plans 

4010 In addition to the plans required by D 108, 
plans showing the construction of the transverse and 
longitudinal oiltight bulkheads, end connections for all 
longitudinals and other framing members, the structure 
at the ends of the ship, deckhouses protecting machinery 
casings and arrangements at the junction of transverse and 
longitudinal framing are also to be submitted. 


Definitions 
4011 The Draught d for use in the Tables is to be 
the summer draught in feet measured from top of keel, but 


should not be less than -85 ( <) — -0025 (4) 
14 14 


In computing the freeboard for use in the Tables, a bridge 
set in not more than 12 inches from the ship’s side may 
be taken into account. 


Strength Deck is the continuous deck irrespective of 
the superstructures above that deck. 


Equipment 

4012 Equipment is to be as required by D 33, but 
for ships without sheer in way of -5L amidships the depth 
for the equipment numeral may be taken as 974 per cent 
of the depth moulded amidships. 7 


Section 41 
TRANSVERSES AND WEBS, STRINGERS ‘AND 
GIRDERS 


Bottom and Side Transverses 
4101 The scantlings of bottom transverses are to be 
derived from Table 60 and associated notes. 
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4102 The scantlings of side transverses which support 
longitudinals or side stringers but which are not supported 
by cross ties are to be derived from Table 60 and associated 
notes. 


4103 The scantlings of side transverses which support 
longitudinals or side stringers but which are supported by. 
cross ties are to be derived from Table 63 and associated 
notes. 


4104 Ifit is desired to taper side transverses the mean 
depth is to be derived from Table 60 or 63 and associated 
notes; the increase in depth at the bottom and the decrease 
at the top are not to exceed 10 per cent of the mean depth. 


4105 Side transverses are to be fitted in ships of 35 
feet depth or over having the side shell and longitudinal 
bulkheads vertically framed where either the proportion 
B/D exceeds 1-75 or the spacing of the transverse bulkheads 
exceeds 32 feet. 


Deck Transverses 


4106 The scantlings of deck transverses are to be as 
required by Table 61 and associated notes. 


Vertical Webs on Longitudinal Bulkheads 


4107 The vertical webs on longitudinal bulkheads are 
to have the same scantlings as the transverses at the ship’s 
side, but the thickness of the web plates may be reduced 
by 10 per cent. Vertical webs may also be tapered as 
permitted for side transverses by 4104. 


Vertical Webs and Horizontal Girders on Transverse 
Bulkheads 


4108 The scantlings of vertical webs and horizontal 
girders on transverse bulkheads are to be derived from 
Table 64 and associated notes. 


Side Stringers and Horizontal Girders 


4109 Side stringers for the support of transverse 
framing are to be fitted as required by Table 69 and the 
scantlings are to be derived from Table 64 and associated 
notes. Horizontal girders are to be fitted at the same level 
to support the vertical stiffeners of the longitudinal bulk- 
heads; the scantlings of these girders are also to be derived 
from Table 64 and associated notes. In ships where webs 
are not fitted the lower side stringers and horizontal girders 
are to be supported by suitable buttress brackets from the 
bottom transverses. 
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Cross Ties 

4110 Cross ties may be of plate or sectional material 
but they are to be of such a form as to provide sufficient 
stiffness in all directions. 

Scantlings are to be derived from Table 66 and 
associated notes. 

Cross ties are to be connected to the vertical webs or to 
the horizontal girders by suitable brackets in order to spread 
the load. 


Centre Line Girders 

4111 An intercostal girder effectively connected to the 
transverses and bulkheads, and having scantlings derived 
from Table 62 and associated notes, is to be fitted at the 
centre line to support the keel when docking. Flanged or 
otherwise stiffened brackets are to be fitted on both sides of 
the girder not more than 6 feet apart with intermediate 
vertical stiffeners, or equivalent arrangements are to be 
provided. 

If the centre line girder is intended to support the 
bottom transverses, it is to be continuous between transverse 
bulkheads and to have scantlings derived from Table 60 
and associated notes. 


4112 A centre line girder is also to be fitted in associa- 
tion with the transverses under the deck. The girder is to 
be suitably stiffened and supported, and to have scantlings 
derived from Table 65 and associated notes. 


Cross-reference 
4113 For structural details and connections, see D 49 
and Table 76. 


Section 42 
BOTTOM, SIDE AND DECK FRAMING 


Bottom, Side and Deck Longitudinals 
4201 The scantlings of bottom and deck longitudinals 
are to be derived from Table 67 and associated notes. 


4202 The scantlings of side longitudinals are to be 
derived from Table 68 and associated notes. 


4203 The scantlings of bilge longitudinals are to be 
graduated between those required for the bottom and side 
longitudinals. 


4204 The spacing of transverses is not to exceed 12 
feet and longitudinals are to be connected to them as 
required by Table 76 E. 


4205 End connections of longitudinals to bulkheads 
are to provide adequate fixity and, so far as practicable, 
direct continuity of longitudinal strength. 
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Transverse Side Frames in Cargo Tanks 
4206 The scantlings of side frames are to be derived 
from Table 69 and associated notes. 


4207 Side frames are to be connected to horizontal 
girders as required by Table 76 E. 

4208 The brackets at the upper end of side frames 
are to be as shown in Table 76 F. 

4209 Side frames are to be efficiently connected at 
the lower end to stiffened brackets covering the entire 
round of bilge and extending at least to the first bottom 
longitudinal. The thickness of the brackets is to be that 
required for the transverses in the wing tanks. 


4210 Side frames are to be reinforced by side trans- 
verses where required by D 4105. 


Section 43 
SHELL PLATING 
Scantlings 
4301 The thicknesses of the keel, shell plating and 
sheerstrake are to be derived from Table 70 and associated 
notes. (See D 4706.) 


Openings in Shell 

4302 Sea inlets in pump rooms are to be fitted, if 
practicable, clear of the bilge radius and so arranged as 
to avoid discontinuity of transverse frames, longitudinals 
or bilge keels. The plating in way of the inlets is to 
be increased in thickness or doubled and if the openings 
are not circular or oval the corners are to be rounded 
with as large a radius as practicable. 


Continuity of Strength 

4303 Continuity of strength is to be maintained at the 
break of the poop and at the ends of the bridge as required 
by D 45. Effective stiffening and support to shell plating 
are to be provided in cofferdams and pump rooms. 

The upper edge of the sheerstrake is to be dressed 
smooth and kept free of isolated welded fittings, connections, 
or scupper openings above the deck involving local discon- 
tinuities. Bilge keels and their shell connections are to be 
gradually tapered off at their ends and scalloped at their 
butts and at the butts of shell plating. 


Section 44 
DECKS 


Scantlings of Strength Deck 

4401 The thickness of the strength deck stringer and 
plating and the scantlings of the stringer angle, if fitted, are 
to be derived from Table 70 and associated notes. 
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4402 The midship thicknesses are to be maintained 
for -5L amidships, and scantlings in way of the fore end of 
the poop are to be as required by D 4504 and D 4505. 
When the machinery opening extends forward beyond a 
point one-third of the breadth B abaft the poop front, deck 
scantlings will be specially considered. 


4403 The scantlings of stringer angles determined from 
Table 70, col. 16 and note 6, are to extend throughout the 
cargo spaces and at least one-third of the breadth B within 
the poop. At the ends of the ship the scantlings of stringer 
angles are to be determined from Table 19. 


Scantlings of Lower Decks’ 


4404 The scantlings and arrangements of lower decks 
are to be as required by D 11, D 14 and D 15. 


Continuity of Strength 

4405 The strength deck stringer plate is to be 
increased in thickness at the ends of superstructures as 
required by D 4504. 

4406 Abrupt discontinuities at the ends of lower 
decks and flats are to be avoided by suitable tapering of 
the stringer plates or by fitting large brackets. 


4407 The corners of all deck openings are to be well 
rounded and smooth, and ‘strength is to be maintained in 
way of pump room entrances or other openings. 


4408 If the stringer angle is cut at the scuppers 
compensation is to be provided. 


Cross-reference 
4409 For decks’ of superstructures, see D 4501 to 
D 4503. 


Section 45 


SUPERSTRUCTURES 
Scantlings 


4501 The scantlings of the bridge and forecastle are 
to be as required by Table 21 and associated notes, and the 
scantlings of the poop are to be as required for a bridge. 

4502 When the side of the-bridge is set in from 
the ship’s side not more than 12 inches the scantlings are 
to be as required for a bridge. 


4503 The scantlings of midship deckhouses are to be 
as required by 4511 to 4513. 


Strengthening at Ends of Superstructures 

4504 The thicknesses of the sheerstrake and strength 
deck stringer plate are to be increased by 20 per cent at the 
break of the poop and at the ends of the bridge, except that 
if the bridge does not extend to the ship’s side the sheer- 
strake need not be increased. 
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4505 The midship thickness of the strength deck 
plating is to extend into the poop for a distance at least 
equal to one-third of the breadth B. 


4506 The thickness of the poop side plating is to be 
increased by 20 per cent at the fore end. 


4507 The bridge and poop side plating is to be ~ 
extended beyond the ends of these superstructures and 
tapered into the bulwark or sheerstrake ; the extended plating 
is to be effectively supported. Where connections at these 
parts are welded, arrangements are to be made to ensure an 
easy sweep and the absence of any local discontinuity at 
the junction with the main structure. 


End Bulkheads 

4508 The bulkhead at the fore end of the poop is to 
have the scantlings required by Table 22 and associated 
notes, but if any part of the bulkhead forms the fore end of 
the machinery casing the stiffeners in way are to be spaced 
24 inches apart and are to be bracketed at top and bottom 
or are to have equivalent end connections. 


4509 Openings in the poop front are to have sills not 
less than 18 inches in height. 


4510 The end bulkheads of the bridge and forecastle 
are to comply with the requirements of Table 22 and 
associated notes. 


Midship Deckhouses 

4511 If a deckhouse is fitted on the strength deck 
amidships in place of a bridge, the scantlings are to be 
derived from Table 22 as indicated in 4512 and 4513. 


4512 The front bulkhead is to be plated and stiffened 
in accordance with the requirements of Table 22 “Bulkheads 
at the fore end of bridges, of unprotected poops the length 
of which is -4L or more and of all poops protecting 
machinery openings,” but the stiffeners are to be bracketed 
at top and bottom; the modulus of stiffeners may be 
reduced by 20 per cent. 


4513 The side bulkheads are to be plated and stiffened 


‘in accordance with the requirements of Table 22 “Bulk- 


heads of poops partially protected or less in length than 
‘4L and not protecting machinery openings,” but the 
thickness of the plating is to be increased 10 per cent. 


The after bulkhead is to be plated in accordance 
with the requirements of Table 22—“Bulkheads of poops 
partially protected or less in length than -4L and not 
protecting machinery openings’—and the modulus of the 
stiffeners may be 70 per cent of the requirements of this 
Table. 
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Exposed Machinery Casings 

4514 Exposed machinery casings on the poop deck 
are to have the scantlings given in Table 23 lower tier, 
without correction for draught, but the modulus of the 
stiffeners is to be increased by 50 per cent and the thickness 
of the plating by 30 per cent. The doors are to be of steel, 
permanently attached and capable of being operated from 
both sides; the sills of the doorways are to be 15 inches 
above the deck. 


Pump Room Entrances 

4515 Houses protecting openings to pump rooms are 
to be strongly constructed. The doorways are to have 24 
inch sills and are to be closed by hinged steel watertight 
doors. 


Section 46 


OILTIGHT BULKHEADS 
General 


4601 Longitudinal bulkheads are to be oiltight 
throughout the cargo tanks but the plating may be perforated 
in cofferdams and also in pump rooms, provided suitable 
compensation is arranged. 

Beyond the ends of the oil compartments the bulkheads 
are to scarph into the adjoining structure. 

4602 For the arrangement of cofferdams, see D 4006. 
The strength and stiffness of cofferdam bulkheads are to be 
as required for oiltight bulkheads. 

4603 For the support of transverse bulkheads at the 
ends of tanks exceeding 40 feet in length, see Table 64, 
note 2. 


Plating 

4604 Bulkheads may be plated horizontally or verti- 
cally and the thickness of plating is to be in accordance 
with Table 71 and associated notes. 


Stiffening and Support 

4605 Bulkheads may be stiffened by horizontal or 
vertical stiffeners supported as necessary by vertical webs or 
horizontal girders. 

4606 The scantlings of horizontal or vertical stiffeners 
are to be derived from Table 72 and associated notes. 

4607 For transverse bulkheads the scantlings of 
vertical webs and horizontal girders are to be derived 
from Table 64 and associated notes. 

4608 For longitudinal bulkheads the scantlings and 
arrangements of the vertical webs and horizontal girders 


are to be generally as required for the side of the ship. 
(See D 41 and Tables 60, 63 and 64.) 
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4609 Stiffeners are to be bracketed or otherwise 
connected at their ends to provide adequate fixity and, for 
horizontal stiffeners, continuity of strength at the bulkheads. 
The end brackets of longitudinal bulkhead vertical stiffeners 
are to be as required by Table 76 F. 

All stiffeners are to be connected to the supporting 
webs or girders. (See Table 76 E.) 


4610 The plating of transverse bulkheads is to be 
effectively stiffened to support loads transmitted by end 
connections of longitudinal bulkhead, shell and deck 
longitudinals. 


4611 Vertical webs and horizontal girders are to be 
attached at their ends by flanged brackets of which the 
length of the arms is to be equal to the depth of the web. 


Corrugated Bulkheads 
4612 The strength and stiffness of corrugated bulk- 
heads are to be not Jess than required for flat bulkheads. 


4613 Corrugations may be arranged vertically at 
transverse bulkheads only; they are to be of the same form 
at each side of horizontal girders. Vertical webs or 
horizontal girders are to be provided as necessary to support 
the bulkhead structure and to maintain the rigidity of 
the corrugations. 


4614 Structural continuity is to be maintained at the 
junction of longitudinal and transverse bulkheads. All 
brackets.or similar connections are to be arranged to minimise 
local stresses in the bulkhead plating either by easy tapering 
or by local plating reinforcement. 


Section 47 
STRUCTURAL ARRANGEMENTS AT FORE END 


General 

4701 The following requirements are applicable to 
tankers framed transversely forward of the forward cofferdam 
and having deep tanks between the cofferdam and the 
fore peak. If other arrangements are adopted equivalent 
strength is to be provided. 


Frame Spacing 

4702 Frames between the forward cofferdam and the 
fore peak bulkhead are to be spaced 27 inches apart or as 
required by Table 12, whichever is less. 


Bottom Construction 

4703 Bottom longitudinals in the forward -2L in the 
centre cargo tanks are to be supported by additional inter- 
mediate transverses which may be of reduced depth but 
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not less than the depth of the longitudinals. Alternatively, 
if the bottom longitudinals are riveted (see Table 76 H) 
intermediate transverses need not be fitted. 


4704 In deep tanks floors are to be fitted at every 
frame. The scantlings of floors are to be determined from 
Table 73 and associated notes. 


4705 Intercostal side girders are to be fitted between 
the floors, in line with alternate bottom longitudinals in 
the forward cargo tanks, and are to be extended as far 
forward as practicable. 


4706 The thickness of the three strakes of shell 
plating next to the keel plate, or, in small ships, two strakes 
provided these cover the flat of bottom, between -05L and 
-25L from the fore end is to be determined from Table 74 
and associated notes. 


Side Framing 

4707 The scantlings of frames in deep tanks are to 
be determined from Table 12 and associated notes, the 
depth h being measured at the mid-length of the tank from 
the top of floors to the tank top at side. The frames are 
to be attached to the floors by efficient brackets. 

In tanks of unusual depth h may be measured to a 
suitable side stringer (see 4710 to 4712) provided the 
strength of this stringer, and of the supporting webs, is 
adequately increased. 

If the spacing differs from that required by 4702, 
the modulus is to be modified in direct proportion. 


4708 In the hold above the deep tank the scantlings 
of frames are to be determined from Table 12 and associated 
notes, h being measured at the mid-length of the hold from 
the tank top to the lowest deck at side, but the resulting 
modulus may be multiplied by a factor equal to 1 minus 
half the ratio of the depth of the tank, at mid-length, to 
the depth D of the ship amidships. 


4709 The scantlings of frames in ’tween decks of 
normal height are to be determined from Table 13, col. p, 
and associated notes. If the ‘tween deck height exceeds 
10 feet the arrangements will be specially considered. 


Web Frames and Side Stringers 

4710 Web frames of scantlings derived from Table 75 
and associated notes are to be fitted not more than four 
frame spaces apart and are to extend from the floors to the 
first flat or deck above the load water line. 


4711 Side stringers are to have scantlings required 
by Table 75 and associated notes. Those in the deep tank 
are to be in line with the stringers in the fore peak, but, 
above the deep tank top, stringers may be fitted about 
8 feet apart. 
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4712 Web frames are to be suitably bracketed at top 
and bottom, and stringers are to be bracketed to the 
bulkheads, 


The stringer web plates and face plates are to be 
efficiently connected to the web frames. 


Deep Tank Top 


4713 The scantlings and arrangements of the deep 
tank top are to be as required by D 1905 to D 1908. 


Fore Peak 


4714 The scantlings and arrangements are to comply 
with D 902 to D 904. 


Continuity of Strength 

4715 Continuity of strength is to be maintained at 
the scarphing of the longitudinal and transverse framing 
and in cofferdams. 


Cross-references 


4716 For structural details and connections, see D 49 
and Table 76. 


Section 48 
STRUCTURAL ARRANGEMENTS AT AFTER END 


General 

4801 .The following requirements are applicable when 
a system of transverse framing, including that of the bottom 
and deck, is adopted; if longitudinal framing is used 
equivalent strength is to be provided. 


Double Bottom 


4802 The scantlings and arrangements of the double 
bottom are to be suitable to the type and power of the 
machinery, but are not to be less in strength or effectiveness 
than required by D 5 for the midship portion of the double 
bottom. 


Transverse Framing 


4803 The scantlings of the side frames are to be 
determined from Table 12 and associated notes, h being 
measured at the fore end of the machinery space from the 
top of the double bottom at side to the lowest deck, flat or 
equivalent wide stringer. 


4804 Ifthe frames are supported at about mid-height 
by a stringer having the scantlings required by 4807, the 
modulus of the frames may be reduced by 30 per cent. 
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Web Frames and Side Stringers 


4805 Web frames in the machinery space are to be 
fitted not more than five frame spaces apart, and are to 
have scantlings derived from Table 75 and associated notes, 
but h is to be measured as required by 4803. The face area, 
unless a stringer is fitted, may be half the area required by 
the Table and notes, but not less than the area of a 
3} inch flange; if a stringer is fitted the face area of the web 
frame is to be the area required by the Table and notes. 


4806 Above the lowest deck, or equivalent, webs are 
to be fitted in line with those below and are to extend to 
the strength deck. The depth and thickness of these webs 
are to be determined using a value of 12 feet for h, without 
corrections, but need not exceed the depth and thickness of 
the lower webs. The face is to be stiffened by a 3} inch 
flange, or equivalent. 


4807 If it is desired to fit a stringer, the depth and 
thickness of the stringer web plate are to be the same as 
required for the web frames, but the edge may be stiffened 
by a 34 inch flange, or equivalent. 


4808 Web frames are to be suitably bracketed at top 
and bottom and stringers are to be bracketed to the 
bulkheads. The stringer web plates and face plates are 
to be efficiently connected to the web frames. 


Strong Beams and Pillars 


4809 Strong beams or other efficient cross ties are to 
be fitted in the machinery openings at as low a level as 
practicable, and are to be connected to web frames. When 
this is impracticable, the size of the openings is to be 
restricted. Efficient pillaring is to be provided. 


Decks 


4810 Decks in the machinery space are to be 
constructed in accordance with D 11, D 14 and D 15, and the 
appropriate Tables. 


Oil Fuel Bunkers 


4811 The structural arrangements in the cargo tanks 
are to be maintained in oil fuel bunkers at the fore end of 
machinery spaces. The scantlings of the sides, bottom and 
deck are to be as required for cargo tanks, but the scantlings 
of the bulkheads are to comply with the requirements of D 20. 


After Peak 


4812 The scantlings and arrangements are to comply 
with D 908. 
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Continuity of Strength 


4813 Continuity of strength is to be maintained at the 
scarphing of the longitudinal and transverse framing and 
in cofferdams. 

The longitudinal deck framing is to extend to at least 
one-third of the breadth of the ship into the poop. The 
terminating positions of the longitudinal system at sides 
and bottom are to be staggered, and should not coincide 
with the position of the poop front bulkhead. 


Cross-reference 


4814 For structural details and connections, see D 49 
and Table 76. 


Section 49 
STRUCTURAL DETAILS 

Transverses and Webs, Stringers and Girders 

4901 All primary supporting members, such as 
transverses and webs, stringers and girders, are to be so 
arranged that effective continuity of strength throughout 
their length is ensured and abrupt changes in depth or section 
at their connections are avoided; if the edges are flanged, 
the junction of the flange of the member itself with that of the 
bracket is to be of careful design and execution. Primary 
supporting members are to have adequate end fixity, web 
stiffening and lateral support. The following paragraphs 
are to be complied with or equivalent alternatives provided. 


Arrangements at Ends of Primary Supporting Members 
4902 When face plates are carried continuously along 
the edges of end brackets of primary supporting members, 
their butts are to be kept clear of the toes of the brackets. 
If not carried along the edge of the bracket the face 
plates of these members are to extend a reasonable distance 
beyond the toes of the brackets. 


4903 End brackets are to be stiffened as follows:— 


Length of free edge Bracket stiffening 
| Not | EL capers Py Sree eee : 
Above | exceeding | Flange or cae incl Additional flat stiffr. 
Inches Tnches | ~ Inches Inches | 
50s + 
50 65 5 
65 80 5 4 
_| = = te 
80 100 6 4 
100 8 5 
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The bracket stiffener is to be parallel to the free edge 
and generally not more than a quarter of the throat depth 
from it. 


4904 When a bracket is attached to a flat on bulkhead 
plating the flat is to be well tapered off beyond the toe 
of the bracket. 


4905 Where members abut on both sides of bulkheads 
or on other members care is to be taken that they are in 
alignment. 


4906 Where a bracket or the end of a member is 
attached to unsupported plating arrangements are to be 
made to distribute the load effectively. 


Web Stiffening 

4907 Stiffeners are to be fitted to web plates at each 
frame, longitudinal or bulkhead stiffener or as otherwise 
necessary. 


Stiffeners are to have the following scantlings or 
equivalent :— 


Depth of girder | 
7 S —| Stiffeners 
Above Not exceeding | 
Olt Tireues enw bis mene Fare } tee 5 acral ei oa 
20 3 All long 
20 24 | 3. | Short & long alt. 
Teteeataat og of) leat 
bow ‘Koha a ‘s |Short & long alt. 
9 ’ = 
a 86 = i] mi Alllong in way of end bkts. 
36 48° | 6 | |All long 
48 | 60 4 All long 
abalape adss tosndt'l qacky lah i 
60 72 |6 X 3/5 g/All long 
Bie 
a > pp en oe ae en os me | PS ee a —— 
VP? 7s 8h Midons 


The depth of stiffeners is to be not less than required 
for the connection given in Table 76 E. 

Long stiffeners are to extend to the face edge of the 
web but need only be attached to the face if required by 
4908. ; 

Short stiffeners are to extend to half the depth of the 
web, but at least beyond the lightening holes and 6 inches 
beyond the notches. 


Lateral Stability 

4908 Tripping brackets are to be fitted at suitable 
intervals. In general, they should be fitted near the toes of 
the end brackets and where the span is long additional 
brackets are to be fitted as necessary. 
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Alternatively, web stiffeners may be so tapered as to 
provide a wide base capable of giving lateral stability as well 
as stiffening the web. 


Face plates of considerable width are to be supported 
if necessary against tripping. 


Notches 

4909 All notches in primary supporting members are 
to have well rounded corners and smooth edges and are 
not to be larger than necessary. When notches occur at 
points where stress concentration may develop, such as 
adjacent to the toes of brackets, a welded collar or equi- 
valent reinforcement is to be fitted. 


Lightening and Access Holes 

4910 The diameter of lightening holes is not to exceed 
20 per cent of the depth of the web; the holes should be 
placed at not less than half the depth of the web from the 
face and equidistant from the corners of notches for frames 
or stiffeners. Lightening holes are not to be cut in hori- 
zontal girders on the ship’s side and longitudinal bulkheads. 
Access holes or foot holes may be cut in deep bottom trans- 
verses and centre girders with suitable compensation if 
necessary. All holes are to have smooth edges and are to be 
kept well clear of notches and the toes of brackets. 


Drain and Air Holes 

4911 Small drain or air holes may be cut in deep 
framing members and in longitudinals and _ stiffeners. 
These holes should be kept clear of the toes of end brackets 
and are to be well rounded with smooth edges. 


Minimum Thicknesses 
4912 No part of the structure within cargo tanks and 


cofferdams is to be less in thickness than required by 
Table 77. 


Welded Connections 

4913 The requirements for welded connections and 
details of scalloped construction, are given in Table 76. All 
scallops are to have well rounded corners and smooth edges 
(for general particulars see Table 76A). Scallops are not 
to be cut in the connections of end brackets to shell, bulk- 
heads or deck and such scallops in the stiffening members 
are to commence well clear of the toe of the bracket. 
Scallops in longitudinals, side frames and stiffeners are to 
be omitted for at least 9 inches on each side of intersection 
with a primary supporting member. Scallops are not to be 
cut in bottom transverses or in horizontal girders on ship’s 
side or longitudinal bulkheads, and in ships over 400 feet 
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in length scallops are not to be cut in the lower half of side 
transverses or in vertical web plates to longitudinal and 
transverse bulkheads. 


Riveted Construction 


4914 In riveted construction arrangements are to be 
generally equivalent to the requirements of this Section 
and the riveting is to be as required by Table 76. 


Section 50 
HATCHWAYS 
Oiltight Hatchways 


5001 Oiltight hatchways are to be kept to the 
minimum size required to provide reasonable access and 
ventilation to each compartment. The corners of hatchways 
are to be well rounded and smooth. 


5002 The coamings and covers are to be as required 
by 5004 to 5006. 


5003 The arrangements at hatchways for ventilation 
and sounding are to be as required by Chapter E. 


Ooamings 


5004 Coaming plates not exceeding 32 inches in height 
are to be -40 inch in thickness. 


Covers 


5005 Where the area of the hatchway cover does not 
exceed 12 square feet in a circular hatchway, or 16 square 
feet in a rectangular hatchway, the thickness of the cover 
is to be -50 inch. 


If the area exceeds the above but does not exceed 
25 square feet the thickness of the cover is to be -60 inch 
or may be -50 inch if stiffened by 4 inch flats spaced 
24 inches apart. 

5006 Covers are to be secured by fastenings spaced 
not more than 18 inches apart in a circular hatchway, or 
15 inches apart in a rectangular hatehway and not more than 
9 inches from the corners. 


13th June, 1957 


75 


Chapter D 


Hatchways to Spaces other than Oil Compartments 


5007 Hatchways are to be constructed in accordance 
with the requirements of D 23 except that efficient steel 
watertight covers are to be fitted to hatchways situated on 
expansion trunks and on the strength deck, either where 
exposed or inside open superstructures. 

Hatchways situated on the forecastle deck are to have 
steel covers except where efficient steel watertight covers are 
fitted to the hatchways inside the forecastle. 


Section 51 
TESTING 
General 


5101 Each cargo tank and cofferdam is to be 
separately tested, either before the ship is launched or 
afterwards in dry dock, by filling with water to the test 
head. 


In the case of large tankers for which complete 
testing on the building berth or in dry dock may be im- 
practical, alternative arrangements, whereby the under- 
water shell plating may be tested on the berth and the 
remaining structure tested afloat, will be specially con- 
sidered. In all cases the final test is to be carried out by 
separately filling each tank with water to the test head. 


Test Head 


5102 ‘The test head for cargo tanks is to be 8 feet 
above the highest point of the tank, excluding hatchways; 
that for cofferdams is to be to the top of the hatchway. 


Bunkers and Deep Tanks 


5103 Bunkers and deep tanks are to-be tested as 
required by D 1914 and D 2030 respectively. 


Cross-references 


5104 For pumping arrangements and ventilation of 
cargo tanks, see Chapter E. 
For special surveys of petroleum tankers, see C 3. 
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SHIPS SPECIALLY DESIGNED FOR CARRYING ORE 


Section 60 
ORE CARRIERS 

General 

6001 The Class 100Al Ore Carrier will be 
assigned, in accordance with the provisions of Chapter B, 
to sea-going ships specially designed for the carriage of ore 
cargoes and built in accordance with, or by standards 
equivalent to, the relevant rules and the provisions of this 
Section. 


6002 The requirements of D1 to D 34 and D 40 to 
D51 apply as may be relevant to ore carriers, except 
as otherwise required by the following rules. 


Structural Design 

6003 The following rules are intended for single deck 
ore carriers, with machinery aft and having two longitudinal 
bulkheads and a system of framing as required in D 4003. 


6004 A double bottom is to be fitted in way of the 
cargo holds. 


6005 The number of watertight bulkheads in the 
cargo holds may be as required by D 16. 


6006 When it is intended to carry liquid cargoes in 
the compartments adjacent to the dry cargo holds, the 
scantlings and arrangements are to comply with the rules 
relevant to such cargoes. In such cases the class notation 
may be suitably modified. 


6007 When the compartments adjacent to the dry 
cargo holds are constructed in accordance with the Rules 
for Petroleum Tankers and petroleum is carried in these 
compartments at the same time as ore or other cargo is 
carried in the central holds, effective arrangements are to be 
provided to isolate the two cargoes from each other. 


Draught 


6008 When a draught in excess of the cargo ship 
draught is desired, the longitudinal bulkheads are to be 
not less than -2B from the ship’s sides measured at the 
draught d amidships, the spacing of the watertight bulk- 


: , . L 
heads in the side tanks is not to exceed A +20 feet, steel 


hatch covers are to be fitted and the provisions of D 4007 
complied with. 
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Longitudinal Strength 

6009 The scantlings of the deck outside the line of 
openings and those of the shell and topsides are to be such 
that the longitudinal strength of the ship is equivalent to 
the standards required for petroleum tankers. 

The midship thicknesses of the deck, shell and topside 
plating are to extend over -5L amidships. 


Shell Plating 

6010 Borrom Piatinc The thickness of the keel 
and bottom plating may be derived from D7 and Table 
14, but the thickness derived from Table 14 is to be 
increased at the rate of 10 per cent for each increment of 
-1D in the excess height of the inner bottom over the rule 
height of centre girder given in Table 6. The thickness of 
the bottom plating need not, however, exceed the require- 
ments of D 43. 


6011 Srpe SHett Piatinc’ The thickness of the 
side shell plating is to be in accordance with the require- 
ments of D 43. 


Double Bottom Structure 

6012 The scantlings and arrangements in the double 
bottom are generally to be governed by D5 modified 
as below.and as may be necessary to suit the details 
of construction proposed. 


6013 TraNsveRsEs Transverses under cargo holds 
are not to be spaced more than 8 feet apart. The height 
of the double bottom is not to be less than the rule height 
of the centre girder given in Table 6 increased in the ratio 
of twice the breadth of the ore hold to the breadth of the 
ship. 


6014 Borrom LoneirupinaAts The section modulus 
of the bottom longitudinals as derived from Table 10 
is to be increased at the rate of 50 per cent for each 
increment of -1D in the excess height of the double bottom 
over the rule height of centre girder given in Table 6, but 
need not exceed the requirements of D 42. 


6015 Inner Borrom Lonaituptnats The section 
modulus of the inner bottom longitudinals as derived from 
Table 10 is to be increased in the ratio of breadth of ship 
to breadth of ore hold, but is to be at least 20 per cent 
above the requirements of D 5. 

Struts should not be fitted to the longitudinals between 
the floors. 
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6016 Inner Borrom Piatina The thickness of the 
inner bottom plating is to be increased by -20 inch above 
the requirements of Table 6, or alternatively a double 
ceiling is to be fitted. 

Side and Deck Longitudinals 

6017 Side and deck longitudinals are to be in accor- 
dance with the requirements of D 42. 

Transverse Side Framing 

6018 ‘Transverse side frames are to be in accordance 
with the requirements of D 42. 


Rudder 
6019 The rudder may be in accordance with the 


requirements of D 26. 
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Hatch Covers 

6020 Steel hatch covers are to be in accordance with 
D 2325 and the scantlings determined from the formule 
given in Table 43, note 6. When a draught in excess of 
the cargo ship draught is desired, the section modulus and 
moment of inertia of the stiffeners and thickness of the 
plating are to be increased by 15 per cent. ; 


Equipment 
6021 The equipment is to be in accordance with D 33 
modified, if required, by D 4012. 


6022 Special consideration is to be given to details of 
construction not specifically mentioned in the above rules. 
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The scantlings of rolled sections are 
based on the British Standards as 
revised in 1924; alternative sections 
will be considered by the Committee. 
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STERNFRAMES WITH APERTURES 


WIDTH AND THICKNESS 
LENGTH — SOLID CASTINGS 
L WIDTH THICKNESS 
| WIDTH — 
Rectanguiar Streamlined Ti T2 
= a Ww ee 
1 2 3 4 5 6 
Feet ~ Inches Inches ~ Inches ' “Inches [ Inches 
100 | 25 | 
120 2-9 
140 3:3 
160 8:7 
180 4-1 
200 45 6-0 80 | 4 4 
220 4-9 6-5 8-4 A 13 
240 58 70 8:8 1 14 
260 57 75 9:2 14 1¢ 
280 6-1 8-0 9-5 14 13 
<= ae Z io > 
800 6-5 8-4 9-8 1} 14 
320 6-9 8:8 10-1 1} 13 
340 7:8 9-1 10-4 12 1; 
360 7-6 9-4 10-7 18 2 
2 z = ee 
380 7-9 9-7 11-0 14 | 28 
| 
400 8-2 10-0 - 11:3 14 2+ 
420 8-5 10-2 11-6 12 23 
440 87 | 10-4 11-9 1 23 
460 8-9 10-6 12-1 13 24 
480 | 91 10-8 12-3 li 2 
500 9-3 11-0 12-5 13 24 
520 9-5 11-2 12-7 13 2 
540 97 | 11-4 130 | 1 24 . : 
EEE —————————— Sa 


NOTES.—TABLE 2 


1. The dimensions given in the Table apply to both 
propeller post and rudder post. 


2. The fore and aft dimension of the section is to be 
25 per cent greater than its width as given in cols. 2, 3, 4 
and 7 but is not to be less than 5 inches. 


3. The width w given in cols. 38, 4 and 7 for 
streamlined solid, cast or built sternframes is the extreme 
width. The width w, at half the fore and aft dimension 
of the section is assumed to be 80 per cent of the extreme 
width. (See sketch.) 


le-— -625W—>) 


a 


for 


-L. 


WIDTH W 


Where the section of sternframe adopted differs from 
that given above an equivalent section modulus is to be 
obtained. 

4. The sole piece in way of the aperture is to be 
extended in an athwartship direction to a width 50 per cent 
greater than that given in col. 2 ; the vertical dimension is 
to be equal to the width in col. 2. If a rudder post is not 
fitted the scantlings of the sole piece will be specially 
considered. 

5. The boss of the propeller post is to have a finished 
thickness of metal round the bore equal to 60 per cent of 
the width given in col. 2. 


6. The scantlings given in cols. 5, 6 and 8 are minima. 


7. For scantlings of gudgeons see 1D) 313. 


STERNFRAMES OF TWIN SCREW SHIPS TABLE 3 


SOLID CASTING 
LENGTH nae 
THICKNE 
L WIDTH bi a 
in iy te 
Feet Inches Inches Inches Inches 
160 1-6 
T3 
180 1-8 | T2 
200 2-0 
220 2-2 1} 1 ri 
240 2-4 i 1 3 "1 
260 2-6 1} 1 3 
280 2-8 4 1 $ 
300 3-0 14 1t 1 
320 13 it 1 NOTES.—TABLE 3 
1. Fore and aft dimensions of solid sternposts are 
340 li 1t 1 to be three times the width. 
860 2 1} | 2. The side flanges of cast steel sternposts are to 
have dimensions sufficient to take the shell connection. 
380 2 Pt it 
400 2} 14 1} 
420 2} 1} 1} 
440 2h 1} i} 
460 24 | 1} 4 
480 24 2 14 
500 23 2 1} 
520 3 2 14 
540 3} 2 uy 
560 3h 2t 4 
580 34 2} 13 
600 34 24 1} 
620 33 24 13 
640 4 23 i 


Chan TD) Tahle 3 


TABLE 4 


DEPTH | 


FRAME 
D7 Wisecieares 
<a —| ik — 
10 21 
12 “214 
14 22 
16 | 22h 
18 23 
Mig: a 
22 | 1 | 
24 | 95 


Chan. D. Table 4 


FLOORS IN SINGLE BOTTOMS 


at the rate of half an inch per foot of difference. 


FoR FRAME SPACING. 

greater 
less 

the Table the thickness of the floors and of the reversed 

increased at the rate of ‘01 inch and -02 inch 
reduced 

respectively for every two inches of difference. 


If the spacing amidships is than that given in 


frames is to be 


2. Increases in machinery spaces.—In the engine 
room the floors are to be increased -04 inch and in the boiler 
room the floors and the reversed frames are to be increased 
‘10 inch beyond the thicknesses given in the Table. 


BREADTH B 
FEET 
BASIC — aes 
DRAUGHT | 
| 
dn 16 20 + 24 28 32 36 40 44 
| 
Feet Inches | Inches | Inches Inches | Inches Inches Inches Inches 
8-0 | -11X-24 | 12X-26 | 13X-26 | 15X-28 | 16X-30 | 
6 18X-26 14-26 16-28 18X-30 
112° | | -15xX-28 | 17x-80 | 19x-32 | 21x-34 
3 Ee nel oa [-————— ae | arte e | 
12°8 18X-30 | 20X-32 | 22x-84 | 24x-36 
14-4 | 21X-34 | 23X-36 | 25X-38 | 27X-40 
16-0 | 24X-36 | 26X38 | 28x-40 
176 | | 27x-88 | 29x-40 
192 | 28X-40 | 80x-40 
NOTES.—TABLE 4 
1. Corrections. 
, For DRAUGHT. 
- greater : : , Increased 
If d is eae than d, depth of floors is to be reaaront 


30X-+42 


48 


Inches 


REVERSED 
FRAMES 


~~ Inches 


3 X 24x-30 


3X 3 X +34 


34x38 Xx +38 
4x 3x -40 


5 X 3 X +44 


5 X 83 X +48 


6 xX 3 Xx -50 


6 xX 3 X -56 


KEELSONS IN SINGLE BOTTOMS TABLE = 


CENTRE KEELSONS SIDE KEELSONS 
LENGTH DOUBLE | THICKNESS OF VERTICAL PLATES iz 
si PLATE KEEL ANGLES TOP AND FOUNDATION PLATES | BREADTH OF SINGLE | THICKNESS OF 
ANGLES IF FITTED FOUNDATION PLATES TOP | INTERCOSTAL 
ani <-  eegeie—aity 7 — = ? — — 7 IF FITTED ANGLE PLATE 
FOR ‘-4L AMIDSHIPS pea THROUGHOUT FOR -4L AMIDSHIPS Chacon aes 
a 2 ae: Sonsini ncarcet T Pires A eee OF eres BOP on i Se 8 i ei 
Feet Inches | Inches Inches Inches Inches Inches Inches | Inches 
100 3X 3X -26 26 | 3X 8X -26 | -30 26 10 4X 3 X -28 | “24 
140 3xXx3x-32 | 30 | 34x38 x -30 “34 28 11 4X 3X -30 +26 
180 3x3x-86 | “34 4X 3x -32 +38 “32 12 | 4X8X -84 | 30 
_ ears ioe ee Tee ‘s tae pas wes Rte SEP =e | 
220 3hx3hx- -40 38 | 5X 38x -82 -40 “34 14 5X8 xX -84 | +82 
ee <r e =—s a | . . 2s = - ‘ ae 
260 34x3hx-42 | -40 5 X 3 X -38 +42 “36 16 5 x 8 x “86 he “36 
300 34x3hx-44 | -42 6 x 34x-40 “46 38 18 5 x 8 x x 40 | -38 


KEELSONS IN TUGS 


CENTRE KEELSON ON TOP OF FLOORS SIDE KEELSON 

LENGTH WITH BAR KEEL ON TOP OF FLOORS 

Ee | Saneee | < vane 
SINGLE CHANNEL | | SINGLE ANGLE 

BULB ANGLES 

Feet are) Inches ; ; Inches ; a Inches aa 
100 8 x 34x3hx-40 | 5X 3X +38 5X 4X +36 
_ 120 9 x 34x3}x-44 Bit Bix “46 5X 4X -88 
aS | 10 x 84x3}x-48 6x 8 x -42 5x4 -40 
160 | 12 x 34x3}x-48 6x 3x -48 5X4 x -44 


NOTES.—TABLE 5 


In boiler rooms the thickness of the centre and side 
keelsons, foundation plates and angles not covered by 
cement is to be increased by -10 inch. 


QF Chap. D. Table 5 


TABLE 6 DOUBLE BOTTOMS 


Chap. D, Table 6 


For FRAME SPACING. : 
greater 


If the spacing amidships is a than that given in 


col. 2 the thickness of the floor and bracket plates, margin 
increased 
reduced 
of ‘01 inch for every two inches of difference. 


plate and inner bottom plating to be at the rate 


S6 


should not be corrected for frame spacing but is not to be 
less than the thickness derived from col. 16 after correction. 


The thickness of watertight floors is to be ‘08 inch 
greater than the thickness given in col. 10, but need not 


exceed °54 inch. 


CENTRE GIRDER MARGIN PLATE | eer priming beret 
T r — - ~~ = —_—_—_—— ——|| = : 
THICKNESS THICKNESS | THICKNESS 
ean BASIC ogee | om | HoLDs AND | ;LOORS 
AMIDSHIPS DRAUGHT ape eid hind a | HOLDS mG oe GrnDEnA Gaal 
d,, LINE “4L sabik BOILER ae BOLER | sme | IN al 
| | AMIDSHIPS ae ROOM pce ROOM GIRDERS BOILER aoe 
| IN ENGINE ROOM 
ROOM 
2 | 3 4 5 6 ort 3 8 9 ert0 se ll ie 
Inches | Feet Inches Inches | Inches Inches Inches Inches Inches Inches Inches 
22 84) | 26 32. | 26 igaadt 225! > leet BE 26 36 | «26 
29h 9-6 267 35 | 29 «| 45 31 41 27 87 26 
23 Whoo Bae Peat iP iia feak olka ee 43 | +28 38. | 27 
iat --[ 58: = 86-5 ae |S Ba] (A es ner ee Oe a a ee ee 
ges — } --ase-—}- --29 ay aes ae tees ar a ee ee ee 30 40 «| 88 
wy |) ee go a fe |B Pee au te ag egy 41 29° 
%eua[. 166 a| 81 | ode | BO. | S28. [40 [2 bo [ee eon Tae 
yO ma cae ran | ee eee SE Dd — ee “EO pl Bi 43 ‘31 
26 | 180 “| 64 45 38 55 | 42 52 34 44 32 
264 192 | 35 46 +39 56 | 48 P| oe 35 -45 | — :88 
yan NY, Ye 7 ee ST ee 54. | 86 46 “34 
27h 216 =«| ~~ 88 49 41 58 | 46 | 5B 37 47_ 34 
28 22-8 [| 40 _ 0 |) 42 59) | 47 | 56 38 48 | 85 
28 | 240. | 42 2. 1 Gale 60 49 57 39 49 | 86 
29 252 pag 52 44 61 | +50 58 40 50 36 
294 CT) Weel cate leg PET Pe bec | bee eT 52 39a 51 37 
30. | 27-6 46 Popa eialios +46 | 62 | -58 60 42 | 52 38 
ay. i. Seen’ |" death peneee | as, ob 68 To ebb 62 “348 53 30 
81 cee ee ee Praag aa 7 40 
814 |__—-80-0 49 57 | 49 65 58. | +65 45 55 41 
32 30-0 50 58 | -50 66 60 66 46 Dd 42 
324 30-0 bl Bou. «be acinbd 66 62 | +68 el 56 43 
338 30-0 51 =| S60 2 =| 67] 64 | 69 48 56 44 
334 DT be |) Bie ke 58 67 -66 71 49 57 O| dl 
34 30-0 52 62 “4 68 | 67 | 72 ‘0 | 57 45 
34h 30-0 53 63 |. “BS 68. | 69 | 74 51 | 58 46 
NOTES.—TABLE 6 
1. Corrections. If, in transversely framed ships, the spacing amidships 
For DRAUGHT. exceeds the Table spacing by 4 inches or more the increase 
If d is ned than d, the height of the centre girder required will be specially considered. 
to be per iets at the rate of half an inch for each foot of The thickness of the inner bottom plating in the engine 
difference. and boiler rooms and of the middle line strake throughout 


DOUBLE BOTTOMS 


TABLE 6 


MIDDLE LINE STRAKE 


EXCEPT IN SERIE ROOM epee tas =e CENTRE GIRDER TO CENTRE GIRDER TO | 
. ATE: FLAT PLATE KFEL } INNER BOTTOM ANGLES LENGTH 
IN HOLDS IN BOILER THICKNESS eg By sh alan L 
mora a FOR el eee eu peg Ue phi FOR “1L TO SHELL 
“4L ar — +E ENGINE |° yppLE sepratenred FROM ae FROM PLATING 
AMIDSHIPS = ENDS <r FROM ROOM LINE ENDS AMIDSHIPS ENDS 
AMIDSHIPS ENDS STRAKE 1 
13 14 15 16 17 18 19 \ 20 21 22 | 23 24 25 
Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches Feet. 
38 28 26 26 26 30 42 3X3X-32| -80 | 2bx2hx-28| 28 | 3x8x-30] 140 
39 30 28 28 | 27 32 44. | 3XBX-B4 | -B2 | 24x2hx-29| +29 | 8x3x-32 | 160 
1 a 7 ae ce as BX8x-86| 34 | 8x8x-30| 80 3x3x-34 | 180 
ry 34 31 31 29 36 AT 3xX3X-88 | -36 3x3x-32| -31 8x8x-36) 200 
49 36 32 “32 “30 “38 48 3EX3$X-40 38° 3X3xX-34 |  -82 8x3x-88 | 220 
43 38 33 33 31 39 49 84x34x-41) 89° | 8X8X-36|) “B84 | 3BXBx-40/ 240 
“4 40 34. 34 32 40 50 | B3hxBhx-42 | -40 | 3xX8X-88| -86 | BxBx-42 260 
5 | Al “35 3D 32 | Al ‘Bl | 84x8hx-48 | 41 8X8X-39| +87 | 8xB8x-44 280 
ao | 4S 36 36 330 42 52 | BkxBkx-44| -42 | 3x8x-40!] -38 34x3hx-44 800 
47 44 87 37 33 “44 8 | B4XBEX-45 | 48 3x3x-41 | 39 3$x83x-45 | 3820 
8 45 38 38 34 45 “54 |: SEXB4X-46| -44 | 8X8X-42|  -40 3bx84x-46 , 340 
“9 AT 39 39° 35 AT “BB | 84xB4x-47| +45 | 8xB8x-48| -41 | 84x84x-47 | 360 
50 48 40 40. | 36 | -48 | +66 | 8hxBhx48| -46 | 8xB3x-44| -42 | 8hx35x-48 | 380 
o1 49 41 “41 87 49 6 | «BhxXBhx-49 | -47 | BkxBhx-45| -42 | 3bxBhx-49/ 400 
52 “50 “42 -42 “38 50 | -57 | 34x34x-50 48 | 34x35x-46| +42 33xBhx-50 420 
58 |B 43 A$ 339 51 | 57. «| SX5X-52) 49 | 84xBhx-47 | 43 34x3hx-52 | 440 
ny 52 a Ad 40 2=«| «| 52 58 | 5X5x-54! -50 | 3hx84x-48|  -44 34x85x-54 460 
5b 54 46 46 —42—~«|:~S BA 59 =| 5X5X-55| -b1 | BhxBhx-49) 45 | -84xXB4X-55 | 480° 
| BB “47 7 43 55 | 60) | «SX HX-56| “52 34x34x-50 | -46 | 34x34x-56 | 500. 
a7 7 49 49 45 | -57 | -61 | 5xX5%x-58 “58 34x34x-52 | -47 35x35x-56 | 520 
bE ary 50 50 46 | -58 | -62 | 5X5x-60|  -54 34x3hx-54| 48 | 84x35x-56 | 540 
5 | 60 52 51 47. | 60 | 68 «=| 5X5X-61| -55 | 84xBhx-55| -49 34x35x-56 | 560 
Ky 61 BE 52 48 61 64 5X5 X -62 56 | 84xBkx-56 | 50 8§x34x-56 | 580_ 
a | 63 BD 58 29°. i oO |, 8b 5X5X-64 58 | BhxBhX-56 | <5 35x3$x-56 | 600 
————-  —-———————————— — —_ 
2 “64 “56 ba PS TE SHS 1] BC-O0 SP Shih geo ORR AUD) | BaX3bX-56 +52 3)XB3X-56 | See 
63 66 58 bb 51 | -66 67 5x5 X -68 62 | 3kx3kx-56 |  -54 34x3hx-56 | 640 


INNER BOTTOM PLATING 


ANGLES CONNECTING 


ANGLE CONNECTIONS 


ANGLES CONNECTING 


NOTES.—TABLE 6 (concluded) 


2. Depth of margin plate is not to be less than 80 
per cent of the depth of centre girder corrected by note 1, 
where the length of the ship does not exceed 350 feet 
or 85 per cent where the length is 400 feet and above, with 
intermediate values in proportion. At the after end the 
depth may be reduced to 85 per cent of the depth amidships. 


3. Thickness of connecting angles not given in 
Table—The thickness of the vertical angles connecting 
intercostal girders to floors is not to be less than that of the 


intercostal plate. The thickness of the frames, reversed 


frames and other connecting angles is not to be less than 
to} t=} 
the thickness of the floors. 


1. Width of faying flanges.—For width of faying 
flanges for all angles, unless specified in the ‘Table, see 
D 3202. 


5. In boiler rooms angles not covered by cement are 
to be increased by *10 inch in thickness. 


6. Oil fuel.—For thickness of inner bottom plating 
when oil fuel is carried in the double bottom, see D 2020. 


TA) eB eas em oid 


TABLE 7 BRACKET FLOORS 


| CORRECTION TO 


| UNSUPPORTED SPAN 
MODULUS 


RO ee ee Pen ee ae ee 


perth | FRAME BAEIG PER 1 FOOT FEET 
Hy 7 Priieate nea DIFFERENCE |———— - ac —— - —- 
b BETWEEN 
d and dy 3 | 4 5 | 6 7 | 8 
Feet Inches Feet Per cent as et Prey ee Mot NOHS ee Se ee pamenes ——— 
A coh x. 47 - 
12 21h 9-6 10-4 | 3X25x-36 | 4X3X-47 | 5X3 X-40 
ogee 2:60 3°30 
14 99 18 d0 | 4X3X-34 | 5X8X-88 | 6X3 X-83 
1:90 B15 4-00 
in 5 QF @ 
16 29h 12-8 ay | 4X8X-40 | 5X8xX-44 | 5X3X-35 | 5X3 x -40 
_ 2-80 3-65 465 5-15 
: +35 5x? 9 5 87 K ' | 
18 | 93 144 "0 am | £X8X-46 | 6XBX-B5 | 5x8 x -42 5EXB X87 6 XBX-3B4 6X3 X-46 
ce 2-50 4:20 5:35 5:95 6-80 8-45 
= i . > Lor , 3 i > ; 40 17 ; 
20 23h 16-0 6-2 % 5X3xX34 | 5X3X 36 5XB X38 6 XEX34 6XBX4O | TXBX-B4 | 
aes «| 285 4-75 6-05 6-80 7-65 9-60 
20 94 17-6 ‘9 | | 5xX3X-839 | 5xX8x-42 | 6X 34x-34 | 6 X 84X-39 | 6 x 34x-48 | 7x 34x-41 
£ 825 5:35 6-85 7-55 8:80 10-80 
24 ee ihe is | 5x3x-44 | 54x38 +39 6X 34x40 6 X 84X46 | 7X 35X35 | 7 XK B4X-49 
4 ry ny 865 6-15 7-65 8-50 9-80 12:25 
X 3 X -85 x: x: 7 : 34x: ya 
“ie eee ate os | | 6X3xX-35 | 6xX8xX-34 | 6x34 77 X 84x-84 | 7X 84X-43 | 8X 34X38 | 
pay, Lv 4-20 6-80 865 9-65 11-15 13-85 
A X3X-35 | - q ; 7 “5 GP e 
28 97 57 “3 5X8X-85 | 6X8xX-40 | 7X 3hx-84 | 7x 84x-41 | 7x 3$x-50 | 8 x 84x-44 | 
Une | 4 BRT) | 4-65 7-65. 9-65 10-80 12-45 15:25 
|r| 5X8xX- x3x x 34x: x : 38 | Xa 
30 4 on lee 5xX3x-40 | 6X38X-46 | 7X 34x-41 7X 84X-48 | 8 X 34x-38 | 8 X 34x-52 
if bee ee | 7 ||| 515 | 8:46 10-80 12-05 | 18-85 | 1% 
5_X8 X -B5 | 7X 8kx: xX 84X35 xX 84x44 | 9 x 84x-40_ 
32 a Ske a, | | 54x83 x +85 | 7X 84X47 8X BhxXB5 BX BHX-44 | 9 X 84X40 | 
4 D 5-70 9-40 11-90 13-25 15-25 18-90 
| X38 X- ree . | x x: x x5 | * 
34 | -" aie a 54X38 X-40 | 7X38 X-38 8 X 34x-41 | 8X 34x-50 | 9 x 84x-47 
be 6-25 | 10-25 13-10 14-60 16-70 20-80 
| 6X 8%xX-34 | x Xx: x xX: x x47 x x: | 
36 a6. ae | | 33 7X 84x44 8X 34X40 8B X 84X47 9 x 84x-54 
aes : n 6-85 11-30 14:35 16-00 18-30 22-70 
6 xX 84X-38 | 7x 8hx-49 | 8X BEX-45 8X B4X-54 | 9 X B4X-43 
Avoid 30- . a | 
BS | ssa a at Z 7-40 | 12-25 15-50 17-60 19-65 24-40 
| : — <+/- ri as ee 
; lm | 6X 8EX-40 | 7X 8$X-51 | 8 Xx 34x-47 9 x 84x-45 | 10 X 84x-48 
= 2 my ti |B | 765 12:65 16-00 18-15 20-20 25-15 
|) | 6X 84x-42 8 x 84x-49 | 9x 34x39 9 x 84x-48 | 10 X 84x-46 
42 | 34 30-0 3:3 t 32 b i h 
7-95 12-95 16-45 18-65 8105 26-10 
; | 6X 3hx-44 | 8X BEX-B5 | 8X BEX-51 | 9X BHX-42 9X BEX-50 10 X B4X-48 
44 35 30-0 3-3 | 5 8 x 84Xx-35 3X5 5 $x-5 5 | 
8-20 13-25 16-95 19-40 21-60 26-80 
6 X 34x-46 xX 84x-37 | 8 X 34x-538 | 9x 3hx-44 | 9X 3EX-52 | 10 X 84X-50 
46 36 30-0 38 | | 4 8 x 84x-87 $X-5 . ae eth 
| 8-50 18-65 17-40 19-90 22:20 27-40 
———- + - | | 6x 8hx-47 | 8X BbxX-B9 BX BEX-DS 9X BHX-46 9X BHX-D4 | 10 X BHX-52 | 
aii v sae ve | 865 | 14-10 17-85 20-50 2-70 28:10 | 
| 6X 34x-49 | 8 x 84x-41 9X 8hx-48 9X 3hx-56 10 X 84x-54 
50 38 30-0 8-8 | cS , , . , ia 
Vv 8-95 14-60 18-35 21:05 28-30 28-80 


Section moduli above are given to nearest ‘05 


NOTES.—TABLE 7 


1. Scantlings.—The bottom frames are to have 
scantlings determined from the Table ; the modulus of the 
reversed frames may be 85 per cent of that of the bottom 
frames corrected as required below. For width of faying 
flanges see D 3202. 

2. Correction to modulus of frames. 


For DRAUGHT 


- greater i increased ae 
§ ) 
If d is dine than d,, modulus to be a the 


percentage given in the Table per foot of difference. 


For FRAME SPACING. 
If the spacing amidships differs from that given in the 
Table, modulus to be modified in direct proportion. 


3. In boiler rooms, frames, reversed frames, struts and 
angle connections are to be increased by *10 inch in thickness. 


4. Particulars of sections and moduli are given in 
Table 56. 


QRiaew Th Thkil. 


“aa 


DETAILS OF BRACKET FLOORS TABLE 8 


RIVETS IN EACH END OF VERTICAL STRUTS 
aa RIVETS IN BRACKETS VERTICAL BAR ON BETWEEN INTERCOSTAL eee sae agi _ oF 
Sinan INTERCOSTAL GIRDER GIRDER AND CENTRE VERTIOA STRUTS 
* =—s 2 LINE OR MARGIN a moras 
NUMBER DIAMETER NUMBER DIAMETER PLATE | NUMBER DIAMETER 
l 2 3 t 5 6 rf 8 
Inches A Inches Inches N Inches | Inches 
3} and 4 | | 4 5 2 : n 6x 8x -34 2 5 
2 | 38 [ea] 8 
le 
L oO a 
5 o | 5 4 z é | 6X3 x ‘36 3 4 
a Vv 
| A 
3 3 7 é +2f 3 
6 | 5 3 2 3 || 7x8x38x-36 4 3 
; | 
N| 
. 3 3 > © € Proves 
5 and 5} | | | 5 3 2 3 | 8x3x3x°36 4 3 
6 | 6 3 2 3 | 8x3x3x -40 4 z 
| | n 
a] = 
ib a 
~ A ea 
= = i 3 3 3 Z| 8x8x38x-40 4 z 
=< oO 
8 | 8 3 4 4 | 9x8x8x-44 5 : 
5 | 4 4 x “4s 8 
i | 
9 | 8 zi 4 ; | 10x 3x3 x 44 6 4 
10 and above | 9 i 1 3 || 10x3x8 x °50 6 k 
Vv Vv 


NOTES.—TABLE 8 


1. In boiler rooms struts are to be increased by 10 
inch in thickness. 


2. For scantlings of welded vertical struts see D 515. 


89 Chap. D, Table 8 


TABLE 9 


STIFFENERS TO WATERTIGHT FLOORS 


Spaced 30 inches apart 


HEIGHT OF OVERFLOW ABOVE INNER BOTTOM 
DEPTH OF FEET 
CENTRE — —— 4 a 
Gimbae | 20 25 BO Sb 40 45 50 
Inches oe oa ee Sa Modut Be ticked? fee, eg Re Rep oe ee he re > 
rh a heey Sa Siete Oe TA 
36 | 35x83 X-82 | 8hxBxX-40) 4X3X-36 > 4X3X43) 4xXBX47 5X3X-BE 5XBX-40 | 
| 1-40 1-75 200 | 235 | 2-60 3-00 3-300 a 
| | | a 
42 | 4x3 x-34 4x3xX-42| 5X3 x -82 5X 8X88 5X8 Xx -44 5X3xX-48| 6X3x-38 |< 
«1-90 230 8 Bia 8S, «Bing 3-65 3-95 4-55 
eae a ! 
| | | | A 
48 | 4xX3X-47 | DXBX-B8 | 5X3X-44 |) 6X3 X36) 6X3-X-40 DHX X-B6 | 54xB x -40 | 
len 2-60 Bo al 3-65 4-30 4-75 5-80 6-25 | 
es | | 
g | 
54 ede 5yXx8 X -36 | 55x8X-40 | 6X3 X-36) 6X8 X-40 | 
| | | 5:80 6-25 7-10 7-65 
pat. oi | | wn 
| \5 
a0 ee 6x3x-36| 6x3 x-40 6X3X-46) 6X8X-b2 Fz 
| 7-10 7-65 8-45 9-30 e 
— = 
66 | 6xex 42 5EX8X-86 6X3X-B6) 6X3X-46 > 6X3X52| 7X8X-40 7X8 X-46 : 
| 5-00 5-80 7-10 8-45 9-30 10-60 11-65 | 
i - — Vv | | 
ve if s4xa x86 6X8X36| 6X3X-46| 7X3X3B6, 7X8X-42 7XBX-49| BXBX-BB | 
| 5-80 (Ome | 845 9-95 10-95 12-25 18-85 | 
jy Vv 


Section moduli above are given to nearest *05 


NOTES._TABLE 9 


1. In boiler rooms stiffeners are to be increased by 
‘10 inch in thickness. 

2. Particulars of sections and moduli are given in 
Table 56. 


NO 


Chap. D, Table 9 


TABLE 1O 


BOTTOM LONGITUDINALS 


CORRECTION TO 
MODULUS 


UNSUPPORTED SPAN 


LENGTH BABIO PER 1 FOOT —_ __FEET — a — — 
Lo | toxorrvnnears | ST | irrenence | 
re EEN 4 | 5 | 6 ” 8 
and dp | | | 
Fee Inches Feet Per cent ri <— a — — — : te mente Teshds a — > 
A 5 x8x-41 | 6x3x-35 [| 5X3xX-39 | 54x3xX-36 | 6X3X-33. A 
ve 9. . n € 
hie wi 5 hal és 3-40 4:20 5-05 5-80 6-65 
z, 5LX 8X -87 | 6X3xX-34 | 6X3X-40 
180 2 10- ; 4 2 
2 ? 7 i y 5-90 6.80 7-65 
A 6 X 3 X +33 6X3 x -40 6X3 x -48 | 
0 284 12-0 3 
20 8} 8-3 | 455 560 | 6-65 7-65 8-75 
5 X3xX-41 | 5EXBxX41 | 6xX8x-39 | 6x3xX48 | 7X8X-36_ 
220 29 13-2 7s ; 2 
ri | 5-25 6-40 7-50 875 9-95 
| 5kx3xX-37 | 6xX8%x-37 6X 83 X -46 7X3 -35 7X3X -48 
240 29 44 ; 
ee b : . aad | | 595 | 185 845 9-80 11-15 | 
6x3x-33 | 6x3x-43 | 6x8Xx-53 | 7XBX-42 | 7X3 X-50 
260 15: . | 
ia ee e Ll 6-65 805 45 1095 12-40 
| 6 X 3 X +38 6x8x-50 | 7x38x-39 7X3 -48 7X3X-57 | 
; = 804 : re ae 7:35 9:00 | 10-45 1205 | _— 48-70. 
800 " rat a | | 6x Bhx-44 | 7X 34x86 | 7XBhX-45 8X BhX-B5 8X BhX-48 
ae ba 2 820 (9:95 | «11-50 mer eee 15-05 
320 si ee ae | 6 X 34x-50 | 7x 84x-42 7X 84X51 8 X 84x-41 8X 34x49 | 8 
G on 9-05 10-95 1265 | 14-60 | 16-45 3g 
Bl 7x B8kx-87 | 7X 34x48 | 8X3Bhx-38 | 8xXBhx-46 8X BEX-55 |S 
340 ; : . ie: a 
a me ahs S 10-10 | 18-05 1885 | 1578 | 7-86 5 
360 seh Mehe 7 : | 7X Bhx-48 | 8X B3hx44 8X BEX-52 9 x 84x-42 
aes ¥ fs 11-15 13-00 15-25 17-15 19-40 
380 88 ee ne Al 7x 84x-48 8 X 84x-40 8 X 84x-49 9 X 84x-48 
aa | 1205 14-35 «16-45 18:70 21-05 | 
= 8xXBhx-45 | 8X3EX-55 934X455 9 X BbX-54 
40 24. : 
“a bh +2 ahd | 13-20 15:50 _ 1785 | 20-20 — | aero 
8x 84x-40 | 8 x 34x-50 9 x 34x-41 9X 84x-51 | 
DAS ; 
eas = - = 1485 | 16-70 | 1915 | 21-90 | 24-45 
7a 8x 34x-46 | 8x Bhx-56 | 9X 3hx-47 9X 34X57 10 X 84X46 | 
sii 84h dy ne 15-75 18-05 20:80 23-60 26:10 
460 35 27-6 pa 8 x 3$x-51 | 9 X 34x-43 9x 34x52 = 10 X 34x-43. «10 X 34 x-52 
7 16-95 19-65 | 22:20 | 25-15 28:10 | | 
480 set coe ‘e | 9x 84x-48 9x 34x-59 10 3$x-49 = 10 X 34x-58 
fe ; | 18:50 2105 | 1S | 87-10 30-10 
is 9 (te eee | gx ahxdt | 9x 35x54 | 10X85x-45 10 x Bhx-54 | | 
be a ee en V 19-90 | 22:70 25-80 28-80 32-00 V 


Section moduli above are given to nearest *05 


NOTES.—TABLE 10 


1. Scantlings.—The bottom longitudinals are to have 
scantlings determined from the Table; the modulus of the 
inner bottom longitudinals may be 85 per cent of that of the 
bottom longitudinals corrected as required below. For width 
of faying flanges see D 3202. 

2. Corrections to modulus of bottom longitudinals. 

FOR DRAUGHT. 


- greater increased 
If dis © | ~ than d,, modulus to be ae 
ess reduced 


percentage given in the Table per foot of difference. 


by the 


91 


FoR SPACING OF LONGITUDINALS. 


If the spacing amidships differs from that given in the 
Table, modulus to be modified in direct proportion. 


3. In boiler rooms, longitudinals, struts and angle 
connections are to be increased by *10 inch in thickness. 


4. Particulars of sections and moduli are given in 
Table 56. 
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TABLE 1 1 


(SEE CONTINUATION) 


ATTACHMENT OF TANK SIDE BRACKE 


FRAME 
eal 4 INCH ORDINARY ANGLE 5 INCH ORDINARY ANGLE -@ INCH ORDINARY ANGLE 
or TaNx || - 5 NUMBER AND DIAMETER NUMBER AND DIAMETER fi NUMBER AND DIAMETER 
DEPTH FRAME Aa ca aad OF RIVETS Wate es OF RIVETS { aay eee OF RIVETS 
D SPACING | ee eee PER FRAME SPACE OF TANK PER FRAME SPACE OF TANK | PER FRAME SPACE 
AMIDSHIPS ee eeey | SIDE | SIDE SIDE 
ov 
Re BRACKET rare RAM 
se BRACKET | ANGLE waiwe ANGLE a BRACKET | ANGLE oa 
| AND TO CORNET | eprint AND TO opal Soe RRR AND TO GUSSET | oo nNEoT 
| GUSSET | MARGIN | GUSSET | MARGIN GUSSET | MARGIN | : 
i] u _ = = 
Feet Inches Inches Inches Inches Inches 
10 21 28 26 bt = bt 
) i 
12 214 32 27 ot _ 5t -28 bt == 5t | 29 5* —_ 5t 
14 22 36 28 bt = 5t +29 5° == 5t -30 5* _ 5t 
= —}|- =a = ee = 
i] 
16 224 40 28 5* — +29 5° — 5° 31 5* —_— 5° 


Chap. D, Table 11 


+ Rivets § inch diameter 


* Rivets } inch diameter 


Remainder 3 inch diameter 


For notes see pages 94 & 95 


TABLE 1 1 


(SEE CONTINUATION) 


‘0 MARGIN PLATE AND FRAMES 


FRAME | 


rd INCH BULB ANGLE 8 INCH BULB ANGLE 9 INCH BULB ANGLE 


~~ 6 INCH BULB ANGLE 


NUMBER AND DIAMETER THICKNESS NUMBER AND DIAMETER NUMBER AND DIAMETER | NUMBER AND DIAMETER | 


THICKNESS 


\CKNESS OF RIVETS OF RIVETS OF RIVETS (SEL GE OF RIVETS | DEPTH 
TANK PER FRAME SPACE sh Ue et PER FRAME SPACE OF TANK PER FRAME SPACE | OF TANK PER FRAME SPACE 
SIDE SIDE —__—_—_—_—_——_— — SIDE |— ae —— SIDE — | D 
ACKET ANGLE FRAME BRACKET ANGLE FRAME | BRACKET | ANGLE FRAME BRACKET | ANGLE FRAME 
AND TO | GUSSET connec: AND | 0 | GUSSET CONNEC-| AND TO | GUSSET | CONNEC-| AND To | GOSSET | CONNEC- 
(SET MARGIN | TION GUSSET | MARGIN TION GUSSET | MARGIN | | TION | GUSSET | MARGIN TION 
Inches Inches =% Inches | ve Inches ~ i Feet 
10 
= et een sameeren a eee = ee es 
12 
| 
= | ie =e > a Seca in| | im ri — ae 
| | 
31 6* a 5* 14 
| | — —— _ ——_—__— —— ae | ~ = | 
3? 6* — | 6* 16 
= eS Lae ay = | 6 
32 6* — | 6° 33 6* = 6* 34 6* ae 6* | | 18 
— = i S| = - see = 
34 6* ee 6* 34 6* 1* 6* 34 6* Qe | sadam | 20 
35 6* 1° 6* 35 6* a *35 5 1 5 36 6 2 7 22 
| ca f= = | 
j | | | 
36 6* Vhs 6* 36 ee Mah 6* 36 5 2 6 38 6 | 3 7 24 
| | 
os ee ee = = : 
| | 
38 6* 2* 5* | 38 D 1 SG as} 38 D Dal 40 6 | t 8 26 
| 
- = ear —< | eee 
| | 40 5 2 5 40 6 2 | 6 41 ts a4 8 28 
| | = ea rae a ee fae | 
| 41 6 2 6 41 | 6 Hs (os 420) 7 4 | &@ | 86 
| | | 42 7 8 7 «| +48 peg re ee Dir ae 
| | | = CI ec ge, ams (Oa) Pec Sl (et ae Vl” "es 34 
| | | 44 | 7 4 8 | 44 | 8 ea ae 36 
. =| i a ae 7 ee a | 4 ek be _ ea a 2 ee! eee ee ies pee ee = : | ’ 
| } 
| | 4h |) 8 a) 6 8 88 
= |. 1 22 ool as eee Bo Ne a Eee a ‘ 
i | 
| | | | | 46 | 8 6 9 | 40 
on — | 81> _« - i || a= xg L= = 2 | | ee | oo ce eee} (see te Ee 
| | | | | | | | ee fet Re 9 42 
| | | | | L ode ee 9 44 
a | oS - _—- -— -- — —| | SSS SSS = — - 
| | | | 46 
_ | - i | a —= =i a . as : | - ae | = — | —_—— me 
eer aad } | a ee | 48 
| on. f) ver, | Sb. ‘ 6c sa [sill ae | | -_ 
| | | | | | j 
| | | | | | 50 
a | | 
+ Rivets % inch diameter * Rivets } inch diameter Remainder % inch diameter 
For notes see pages 94 & 95 
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TABLE 1 1 ATTACHMENT OF TANK SIDE BRACKET 
(CONCLUDED) 


FRAME 
cs cre 10 INcH BULB ANGLE 11 1NcH BULB ANGLE | i 12 incu BULB ANGLE 
Ss prams | °F TANK | qurcxness Se ee THICKNESS ag Ae ideas | THICKNESS Mtn argent ns TER 
SPACING ae OF TANK PER FRAME SPACE OF TANK PER FRAME SPACE OF TANK PER FRAME SPACE 
D BRACKET | 
AMIDSHIPS oe yn SIDE | SIDE SIDE 
|| BRACKET | ANGLE BRACKET | ANGLE | BRACKET | ANGLE 
BABE AND to | GUSSET ae . AND To | Gusser | , | AND To | @usseT | | 7 
GUSSET | MARGIN CORNEAS. GUSSET | MARGIN fee TON | qusseT | MARGIN CONN 
= Feet j Inches Inches | Inches | Inches Inches 
10 21 28 
ae a =| - a 2 — —s 
12 21h 32—| 
14 ae 36 
Jc a . ina : : es a -—— 
16 22) 40 
18 23 44 
20 234 48 
22 24 52 +38 6 4 8 
24 25 5D 40 6 5 8 
26 26 58 “41 7 6 8 42 ) 6 8 
28 27 61 1 42 7 6 8 43 a 7 8 43 8 9 
30 | 28 64 43 8 6 9 44 8 yf 9 44 9 8 10 
82 29 67 44 | 6 9 44 8 zf 9 | 45 9 8 10 
34 30 70 O45 8 6 9 45 8 7 Cee eee © 9 8 10 
86 31 72 45 8 6 9 46 9 7 10 47 9 8 10 
38 32 74 46 8 7 9 47 9 Zi 10 48 9 8 10 
40 33 76 “47 8 ff 10 47 9 8 11 -48 9 9 ll 
42 34 78 48 8 8 10 48 9 9 11 49 10 9 ll 
44 35 79 48 9 8 10 48 9 9 11 49 10 9 2 
46 36 81- | -48 9 8 10 49 9 9 1 =| 50 10 9 12 
= | "Si 83 49 | «9 8 10 | +50 10 9 11 =| -50 1 9 LB 
50 38 84 50 10 9 ll 50 | 11 9 2 
| ‘ l | 


Rivets 2 inch diameter 
NOTES.—TABLE 11 
1. Corrections.—If the frame spacing amidships 
greater 
less 
side brackets is to be 


than that given in the Table, the thickness of the 


increased - 
reduced 


every two inches of difference. 
2. The height of tank side brackets is to be meast" 
at the inner edge of the frame. 


t the rate of -01 inch! 
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0 MARGIN PLATE AND FRAMES TaBLe 11 


(CONCLUDED) 
—————————————— 
FRAME 
~ 184 inca BULB ANGLE | 15 ice cuannet 17 rNcH CHANNEL 
ae =a a alte a... een 
NUMBER AND DIAMETER NUMBER AND DIAMETER NUMBER AND DIAMETER 
THICKNESS OF RIVETS (| BSS) | OF RIVETS PEL RN ee OF RIVETS | DEPTH 
oF TANK PER FRAME SPACE | OF TANK | PER FRAME SPACE OF TANK | PER FRAME SPACE D 
SIDE - SIDE — . - SIDE = ——— = | 
BRACK ANGLE BRACKET ANGLE 
— eee GUSSET cheney ne 0 GUSSET SRAME «| AND TO GUSSET pone 
AND CONNECTION | CONNECTION | CONNECTION 
qUSsET MARGIN | | GUSSET MARGIN GUSSET MARGIN | 
| 1 : | jt \ 
Inches Inches { Inches | Feet 
| | 10 
| 
- SH SS = —— | ——— 
| | 12 
{ = = = i—4 oe ee ht 
|| 
| 14 
| | 16 
| 18 
| 
— td ee 5 
| | 20 
i— - = oe a |---- 
22 
24 
| 
: eae etl CREE S Ee sd 2 
| | | 26 
| | 2 Pe eee & 
| 1} | | 
44 9 8 10 | +45 9 9 12 46 10 9 14 | 28 
reo 
| ey — a a7 a | 
45 10 8 10 46 10 9 12 47 11 9 14 30 
= » & a Pe SS iw ae = wa = a 


Rivets { inch diameter 


NOTES.—TABLE 11 (continued) 


3. The angles connecting the tank side brackets to 
the margin plate are to have the same thickness as the 
brackets, 

4. In boiler rooms, the tank side brackets, gussets and 
‘onnecting angles are to be increased by -10 inch in thickness. 


5. For increases in way of panting region see D 906. 
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TABLE 12 MAIN FRAMING 


SEE CONTINUATION) 
CORRECTION 
e TO MODULUS DEPTH N FROM TOP OF DOUBLE BOTTOM OR SINGLE BOTTOM FLOOR 
FRAME BASIC FRAMING OF MAIN AT SIDE TO TOP OF BEAM AT SIDE OF LOWEST DECK 
DEPTH | SPACING | DRAUGHT IN caer aaae pats = 
D |amipsuirs gq, PEAKS |DIFFERENCE | 
SELEY ER. 8 10 12 138 14 15 16. 17 
d and dp 
i INCHES le % er INCHES _ in) StS 1. ae 
Feet Inches Feet _ Modulus—Inches*| Per cent fer teglea i Modulus—Inches® —— = 
de i gy |ABEX2EX85] gg BHXBX-29)94xBx-B0/8hxBx-49]4 x BxX-BElE x 8 x -40 
So par Cate 0 ed ibn PES BD RMS aes a Di 1-50 1:80 2-00 2:20 _ | ae aE ef 7 
31 hy. 8x-32 . . +45 +825 : 
uu 21] 88 34x24x-41 140 34X3X-+32/84X3x-40/4 X 3X-40/4 X 3X-45/5 X 8B X -B2I5 x 8 X -36 i 
| 1:75 1-40 1-75 2:20 2-45 2:70 3-00 eat 
12 ok 5.6 4XBX-36 54 34X3X-87/4 X 3X-3B7/5 X 8X-B1/5 X 8X-B5/5 X 8 X +395 X 8 X -446 X 8 X +33 
M, Nees 4 ae | 2-00 | 1:60 | 2-05 2:60 | 2-95 3-25 3-65 4:00 te] 
d +39 5 SC Os ‘ 5 " 5 - | ne rh x § 86 - 
138 213 or 1x8X-39 0 4 4 X 3X-44/5 X 3X-86/5 X 3X-41/5 X 8 X -4616 X 8 X -8516 8 x “B96 x 8 x 44 
Graeme bee nai 2-70 . 240 | 3:00 | 3-40 3-80 4:20 | 4:65 | 520° 
14 99 ee feeeea 180 5 X 8X-84/5 X 3X-4316 X 3X-3316 X 8 X -B7/6 X 8 X -41/6 X 8 X -4616 X 8 X -51154 x8 X -49) 
3-40 2-85 3-55 4-00 4-40 4:85 5-40 6-00 6-50 
& A pee Sasa ema eae 
D . xX 3X: Xx: X Bx: X38 X 42 48155 X3 X +3916 X 3X - 
1b 29} 190 (aloX8% 43) ays 5 X 8X-40/6 X 3X-B4/6 X 3X-3816 X 3 4316 x 8B x -4 X38 X -B9/6 X 8 Xx -84 
4 3-60 B60: | tl0 455 | 5-10 5-65 6-15 | 6:80 — 
, 5 : 3x: 3 x -4915 : x 8X -35 39 
16 99 ian | ae a 6 10-0 6 X 3X-44/6 X 8 X -49155x8 x -40/6 X 3 X -3516 X 8 X -39 
ome Ses ah pe 3-80 | 620 5:75 6:25 6-95 7-50 : 
6X3 x -B4 6 X 3 X -32\6 x 8 X -36/6 X 8 X -41/6 x 8 X -46 
17 22% 13-6 9-5 
: 4:10 6:50 | 710 7-80 8-45 
e | : pee : = 
18 98 iad linear gg [Ox 3X5 54X3X-B81I04X3X-49/6 X 3X-B5/6 X BX -B9/6 X BX -4316 X 8 X -48I7 X BX BB : 
| 4:30 585 605 | 650 | 695 | 750 | 805 | 875 | 9-45 
19 23} 1b? 6 X 3 X -40 8-5 5} xX3X-40154X3X-43/6 X 3X-B8/6 X 3X-41/6 X 8 X -46/6 X 3 X -51/7 X 8 X +367 x3x-41I7x 8x -47 
a 5 *<e | 4-75 7. ie 6-25 6:60 | 735 | 7:80 845 | 915 9:95 | 10-80 | 11-85 
X3X~ “3416 X 3X-3716 X 3X-44/6'X 8X- 7X8 xX -B8I7 x 3 x -43I7 x 8 x -49) 
20 23h 160 i\6 3 X48 g.o [0 X 3-346 X 8x-37)6 X 8x-446 X 8X-48 7X3 X -38\7 x 3 eit 8X -49) 
: q |v| 5-10 6-80 7:25 8:20 | 875 9:50 | 10-25 | 11-15 | 1825 | 18-85 
21 233 16:8 qlObx8 X -B4 5 6 X 3X-+38\6 X 3X-42/6 X 3X-48 7X3 xX -37\7 X 3 X -42/7 X 3 X -48 8 xX 8 x -89 
=O ) y “ 
; 5-60 7-35 7-90 8-75 9-35 10-10 10-95 12:05 12:95 14-10 
os : “i L pen EP se 
22 94 ine Hshx2 3 69 “0 6 X 3X-42/6 X 3X-46 7 X 8X-87/7 X 8 xX -42/7 X 8 X -47 8 X 8 X +3818 X 8 Xx +4 
a0 4 
Tee | 615 7:90 | 845 | 9:50 | 10-10 | 10-95 | 11-85 13-00 | 18-85 | 15-45 __ 
P 6 X 3X +38 6 X 3X-47 7 X 3X+38I7 X 3X-42/7 X 8 X -47 8 X 3 X +8818 X 8 X +4318 x 8 X «4 
23 244 18-4 6-6 | 
ied? | 665 | 8:60 9-20 10:25 | 10-95 11:85 | 12-75 18:85 | 15-00 16-35 
24 25 19-2 es ale 6-3 7 X 3X-B6/7 X 3X-42/7 X 8X-47 8 XB X 87/8 x 8 X 428 x 8 x -48) 
as ' 186 9-30 9-95 10-95 | 11-85 12-70 13-65 | 14:75 | 16-10 | 17-40_ 
25 an} 20-0 #\6 x 3.x “42 6-0 ‘|7 X 8X-B7/7 X 8X-41/7 X 8X-47 8 x 8 X -B7/8 X 8 X -41/8 X 8 X -47/8 X 85X-51 
i c g| 7:90 10:10 | 10-80 | 11-85 | 12-65 13-65 14-55 15:90 | 16-95 18-55 
1 ee Se i a ae a a I eh, ie at AA 
m\6 X 3 X -46 7 X 8X-42/7 x 8X-45/7 x 8X-52 8X 8 X -41/8 X 8X -46\8 X 8 xX -51 9X 34x-4 
26 26 20-8 {5 5-8 = 
ae Bi 8-45 10-95 | 11-50 | 12:80 | 13:60 | 14:55 | 15-65 | 16-85 | 18-15 | 19-65 _ 
Q7 264 6 16 X 3 X -52 5.6 Jf X 8X-47/7 X 3X-50) 8 X 3X-4118 X 8 X -4618 x 8 X -50 9 x 84X-4219 x BAX 
ee. w = | 9-30 ? | 11-85 12-40 | 13-70 | 14:55 | 15-65 16-60 | 18-00 | 19-40 | 21-05 
28 = a [77 x 8 x -36 7 X 3X-51 8 X 8X-42/8 X 8X-4618 x 34x-49 lp x B4x-4119 x 84x-47/9 x 34X-5 
ern | we 995 3 12-60 | 13-80 14:75 |_15:65 | 16-45 | 17-75 | 19-15 | 20-80 | 22-45 
29 oi er 7X3 x -41 “ 8 X 3X-40/8 X 3X-46/8 X 3BX-50 9 X 84x-40/9 x 84x-4619 x 84X-52 
re : ai <t| ae | 10-80 : 18:75 | 14:80 | 15:65 | 16-60 | 17:75 | 18:90 | 20-50 | 2220 | 24-00 
30 28 940 |,|° X8% 45 Pree te 3X-42)8 X 8X-45/8X34X-50 9 x 84Xx-40/9 x 84Xx-45/9 X 3hx-51/9 x BhX-D71OXB4X4 
! 11-50 14-75 15-45 16-70 17-75 18-90 20:20 | 21:90 | 23-60 25-80 


Section moduli above are given to nearest *05 For notes see page 101 
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MAIN FRAMING TABLE 12 
(SEE CONTINUATION) 
| CORRECTION 
TO MODULUS | DEPTH N FROM TOP OF DOUBLE BOTTOM OR SINGLE BOTTOM FLOOR 
FRAME BASIC | i pianhd AT SIDE TO TOP OF BEAM AT SIDE OF LOWEST DECK 
RAMING 
odie SPACING | DRAUGHT | prep 7 FOOT |_—____ PEET S é 
D AMIDSHIPS | di, |DIFFERENCE| 
| | BETWEEN 19 20 21 22 23 24 25 26 
| | d and dy 
a Inches Feet | Per cent p=: ra: es ModulusInches* —a 
A 
10 21 8-0 15-0 |' 
il 214 8:8 | 14:0 |» 
=... See Ee ES 2 oe = : 
7, 
12 214 9-6 13-0 |< 
. ; | 
13 214 10-4 12:0 |, 
iA 
14 22 11-2 11-0 | 
- | — mn 
1 22} | 120 10-5 | shal a 
| - 8-05 2 
16 99h 1928 10-0 | 6X3 x-50 | 7X8 X -35 
ee ee | 9-00 9-80 apf 
7X8%X-87|7X3xX-48 | 7X8 X-48 
224 136 -| 95 | | 
ida iis | 10-10 11-15 12-05 2 
7X3xX-45|7X3%xX-50 | 8x8 x -37 | 8x8 x -42 
1 28 14-4 9-0 
. 3 = / 11-50 | 12-40 13-65 14:75 F 
|p| 7X 8X -52 | 8X38x-39 | 8x8x-44 | 8X8X-50 | 8X8 X-55 
19 23 15-2 8-5 ||‘ é 
a to 12-80 14-10 15-20 16-60 | 17-80 
20 an ima ee | 8X3X-41|8X38X-46|/8xX3x-52]| - 9 x 8hx-44| 9 x 84x-50 
is; 14:55 15-65 17-10 18-50 19-90 21-60 
>98 a yg |_| 8X 3X46 | 8X8X-51 9 x Bhx-44 | 9 x Bhx-50| 9 x BhX-55 
ex eke i 15-65 16-85 18-80 19:90 | 21:60 | 28-00 24-70 
29 Foie ee Z| 8x 8 x -50 9 X B4x-43 | 9 x 8bx-48 | 9 x 84x-55 10X85x-47| 10x34x-52 
Se a 16-60 | 18-00 19-65 21-05 23-00 24-85 26-45 28-10 
a8 am sane ae 9x 3hx-41 | 9 x 3hx-48 | 9 x BShx-54 10x3$x-47| 10%34x-58| 10x84x-59 
~ | 17-75 19-15 21-05 22-70 24-55 26-45 28-45 30-45 
24 “ ae as 9 x 34x-89 | 9 x 34x-46 | 9 x 34x-52 1034-46) 10X84x-52| 10x34x-59 
q 7 | rs | 18-65 | 20-50 | 22:20 | 24-10 26-10 28-10 80-45 | 32:55 
25 “ 300 nat | 9 x 34x-45 | 9 X 8bx-51 | 9 x 84x-58 10X3}xX-51| 10X34x-58 11X3$xX-52 
| * ‘ __ 20-20 21-90 23-85 25-60 27-75 80-10 ‘82-25 | 84-55 
96 * ee he | 9.x 34x-50 | 9 x 34x-56 10x34x-49 | 10x84x-56 11X84x-51| 11%84x-57 
i ea ‘ 21-60 23-30 25-25 27-10 29-45 : 31:90 34:20, 36-60 
oy — a oe | 9 X 34X-55 | 10X84x-48 | 10x34x-54 11X3$x-50| 11X34x-56} 11X34x-63 
— |} * s 23-00 | 24-75 26-80 28-80 31-40 33-80 36-20 39-00 
28 - van ie | 10X34X-47 | 10X3$xX-54 11X84x-49| 11X34x-55| 11x84x-62] 12x34x-50 
ri a a | 24-50 26-45 28-80 30-80 33-45 35-80 38-60 41-20 
4 —| — 
29 pat: Th a 10x34x-46 | 10x34x-52 | 10x34x-59 | 11%84x-47 | 11x34x-54| 11x3$x-61| 12x34x-49| 1234x-55 
ih ate ay | 26-10 28-10 80-45 32-70 35-40 38-20 40-75 | 48-55 
30 ok 5h) ne '1| 10x385x-51 | 10x35x-58 | 11x3}x-46 | 11x34x-53 | 11x34x-60 12X38$X-54| 12x34x-61 
ae: % i 27-75 30-10 82:30 35-00 87-80 40-40 48-05 46-40 


Section moduli above are given to nearest ‘05 


For notes see page 101 
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a 


TABLE MAIN FRAMING 
(SEE CONTINUATION) 
CORRECTION 
TO MODULUS DEPTH hN FROM TOP OF DOUBLE BOTTOM OR SINGLE BOTTOM FLOOR 
FRAME BASIC . ee AT SIDE TO TOP OF BEAM AT SIDE OF LOWEST DECK 
lal SPACING DRAUGHT Sie 1 FOOT =e FEET 
D AMIDSHIPS db DIFFERENCE | i 
arid pi 27 28 29 30 31 32 33 34 
and Ap 
Feet Inches Feet Per cent se STS b SaaS Te ere ey Modulus Inches* Locka SS. See oe eee: | 
A 
10 21 8-0 15-0 |! 
11 21} 8-8 14-0 |p 
=) 
2 , X ee 
4 
12 214 9-6 13-0 
13 214 10-4 12-0 { 
- ia ‘ 
14 22 112 11-0 | 
15 224 12-0 10-5 
16 224 12-8 10-0 | 
17 22% 13-6 9-5 | 
18 23 14-4 9-0 
19 23} 15-2 8-5 | 
20 234 16-0 8:0 | 
ae Ss a 2 — —— = 
21 23} 16-8 7-5 18 
J I . : 
fs} 
22 24 17-6 7-0 |B 
= _|" “ ~ = = — _ 
23 244 ; 6-6 | 
i 194 eS 4508-08 a oe ae ft its ee 
24 95 oe oF | 11X3$x-52| 11X34x-58 
i ei 84:55 37-00 : Ve 
26 and mi: Py! | 11X34x-58| 11x84x-64| 12x84x-51| 12X34x-56 
mt: na f —|| 87-00 | | 89-40 41-65 44-00 = : 
26 96 20:8 Py 11X3}x-64| 12X8}X-51| 12X84x-56| 12X34x-62 |12x4x4x-56 
mt , 39-40 41-65 44-00 | 46-85 49-40 a at ee 
7 26h bis ae 12X84x-51| 12x84x-56| 12X8}x-62|12x4x4x-57|/12X4x4X-68 
te : , 41-65 44-00 46:85 | 49:80 | 52-20 55:00 | 4 — 
28 4 os wv | 12X34x-56) 12x84x-62|12x4x4x-57/12X4X4X-64 15X4X4X-42 
a WIL ch 44-00 46-85 49-80 52-60 55-30 | 58-15 60-95 
29 o7h wale ae | 1234x-62]12X4X4X-57/12K4X4X-64 15X4X4X-43) 15X4X4%-48 | 15X4x 4X58 
. ; ae hs Vi 46-85 49:80 | 52:60 | 55-55 58:55 | 61-55. 64-60 | — 67-65 
30 98 24-0 ‘25 if 12X4X4X-56)12X4x4x-64/ 15X4K4X-44/15X4X4X-49 15X4X4X-541 15 K4 x4 x-fi 
: ~ ss 49-40 52-60 | 55°50 58-75 62:15 65-25 68-25 | 71-80 
Section moduli above are given to neareat *05 For notes see page 101 
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TABLE 12 


(SEE CONTINUATION) 


MAIN FRAMING 


CORRECTION| 


TO MODULUS 


FRAME | DEPTH N FROM TOP OF DOUBLE BOTTOM OR SINGLE BOTTOM FLOOR 
BR } 


Basic | FRamiNG | OF MAIN AT SIDE TO TOP OF BEAM AT SIDE OF LOWEST DECK 
DEPTH SPACING FRAMING 
D a DRAUGHT) IN PER 1 FOOT = , FEET = o% 
| dp | PEAKS [DIFFERENCE | | | 
mare | | | BETWEEN 8 seh 10: | mie 4 @fe 14 15 1 | 17 18 
d and dp | | 
Fest |nchee | Peet | wotstrtacher | Per cont [<= —— —— —— rt eee 
31 | 98h | 248 lz x8 x -51l fog BX BEAT X 85X-50) 9 X 3}X-40)9 X 84x-45/9 x 3hx. 50.9 X 34x-56)10X3$X-43 10x84x-49 
we tl at | 12:60 | 16-00 16-70 17-80 | 18-90 | 20-20 21-60 | 23-30 25:15 | 27-10 
g2 | 99 | 25-6 | BX3X-38 44 BX BbXx-51 9 X BEX-41)9 X B4X-45/9 X BhX-49)9 X B}X-D5110XB84X-42 10X85X-47 10XB4X-54 
ie < 13-85 | 16-95 17-70 19:15 | 20-20 | 21-85 28-00 24-80 26-45 | 28-80 
| | ie = a a a ae pe ar ae 
33 bP wheh eave | 8x3 xX -44 ey 9: x 3}x- 409 x 34x: 469 x 34x: 4919 x bo 54/9 Xx 3hx-59|10X84x- 45 10X84X-52 10X384X-59 
ae “20° be 
| 15-20 18-25 18-90 20-50 | 21-85 2:70 | 24-15 25-80 28-10 80-45 
34 go | o72 |, e%3* 50 4, Px BhX-4B9 x BhX459 x BhX-509 x Bbx-54'9 X B4X- 5s LOx3hx- 44/103} x- 50 10X3bX- 56 11X35x-45 
rhe 16-60 | 19-65 (20-20 21-60 22-70 | 23-85 25-45 27-40 29-45 | 31-95 
35 | sok | 280 || S%3* 55), 9 X 84x: 469 x ghx- 509 x 34x- 5819 x ghx: 5910x8444 10x84X-48)10x34x- 54 10xshx- 60 11X84x-49 
ta || 17-80 oh \| 20-60 21-60 23-00 2415 | 25-45 26-80 | 28:80 | 80:80 | 33-45 
36 | 31 28-8 | 9X 35X-41 igh? RR 34x-51)9 x B4x- 549 x 3hx- 59 10X3hx-44 10x34x- 48 l10x3}x- 52 10x8}x- HSILLX34X-46 11X84x-58 
. | 19-15 21-90 | 22-70 24-15 25-45 26-80 28-10 30-10 | 32-80 35-00 
37 sik | 29-4 |] 9 X 34x-45) Pr a aks 34x: 561) x 3hx- 58'10x34x- 4410X34x-48, 10x3hx-5 9|10x8hx- BILL xBhx- 44) 11x8}x- 50 11x8hx-57 
20-20 | 23-30 | 23-85 25-45 | 26-80 28-10 29:75 | 31-55 | 33-80 36-60 
38 ee ‘6d | is 9 x 3hx: 59110x84x- 43 10x34x- 47 7 10x34 51 10x34x- “D5 10x3hx- 601 1x3}x. 47 hixshx- b4 11x8}x- 60 
; | 21-20 24:15 25-15 26-45 27-75 29:15 30-80 | 82:70 | 385- 40 37-80 
a ol Stal 9 OR a Ua Ea 
39 aaaryes | ap 10X34 X-4210X34X-44}10%34X-50 10X84X-58 10X34 X-58I10X35x- ola xBhxet ‘oh 1x3hx- 6 11x34%- 68 
y ‘| 21-40 24-80 25-45 27-40 28-45 30-10 31-45 | 33-80 36-20 39-00 
ee, Bon - a3 - — 
40 a aga 29x 34x: 50, a 10X34X-44 10x3}x- 47 10x34x-5 58 10X84X-56 10x34x- -60 ILL xB4X-47 11 XBbX-52 11X34X-59 12x34x-47 
5 21-60 25-45 26-45 28-45 29-45 30-80 32-70 35-00 37-40 39-90 
<q ——os5) Nae ae so as — | = | | = 
41 | $504 “355 le a, 10x34x- 46\10X3}x- 501034: 5B 1034X-59'11X8HX-45}1 1XBHX-49 11 xB4X-55)11 x84 X-61 1284-50 
Ks 2 21-80 | 26-10 27-40 29-15 30-45 | 31-95 33-45 | 85:80 | 38:20 | 41-20 
49 ea 80-0 |: | a4 10X34x -49110x34x- 52 10X34x-5810X34x- 611 1X34X-47 11x3hx- b211x8hx« T11X84X-62 1284-52 
; 22-00 a 27-10 28-10 80-10 31-15 82:70 34-55 | 36-60 | 38-60 42:10 
| ie: | 
43 gir “464 9 X 3B4x-52| bs, 10x34x- 51 10x34X- “5D LOX34x:- 6011x3}x {ABIL 1XB4X-5 5O|L1X 34-5411 X384X-60)12X384X-48) 12X84X-55 
“s | 22-20 27-75 29-15 30-80 32:30 | 33: 80 | 35-40 37-80 | 40-80 | 48-55 
44 i va, | uD 1035-53 10X34x-57 11 X34x-45111X8$x- 49111 x3}x- 52 11x3}x- 57 Lixshx- 62/1234x-50| 12X34%x-57 
A 2 22-40 28-45 | 29-80 31-95 3305 | 34-55 36-60 | 38-60 41-20 | 44-50 
| = i ee —— | 
45 get | "86S | " 10X34x: 56I10XB4X-! 5911X34X-4711X34xX-51, Rts 55|1 11x34x- 5912x3}x- -46 1284-52 12X84x-59 
— ; 22-60 = 29-45 30-45, 32-50 34-20 5+80 37-40 39°45 | 42-10 45-45 
48 a ae | i; 10X34x: 58:10X3}x- 61 11x3hx- 5OL1X34x- 53, I 1x3}x- “57 11x8}x- 61112 x3}x- 49| 12xBhx- 55| 19x34x- 61 
Me IF 22-80 ; 30-10 31-15 33-80 35-00 36-60 88-20 | 40-75 | 43-55. | 46-40 
47 PFs te Ye gies 10x3}x- 60 11X34x-46 11X34x- SALIX BhX-56/11 xB4X-5911 X84 X- 69 19x34x-5 51| 12x 8}x- 57] 12x 3x: “64 
a vs" \ 2 oe 30-80 32-30 34-55 35-80 37-40 39-40 | 41-65 44-50 47-75 
48 : Sa | ut 11x34x- 44.11x3}x- 4811X34x- Bax 3hX- 57 11x3hx- 62 19x 3hX- 48 12x34X- 5312X84X-5912K4X4x-5 
he eae e ; 31:55 | 83-05 35-40 $660 | 88-60 40-30 42-60 45-45 48-60 
| | <r ————————_—S — = Fi pe SS 
49 yy ad. | 11X3$x-46:11X34X-5011X34x- 5611 X3}x- 6O11x34%- 64 19x 3hx- 5012x8bx- 5d I 19x34x- 61 12x4Xx4%X- 5 
Bovky * 9 23-40 -~ 32-30 33-80 36-20 87-80 | 39-40 | 41-20 43-55 46-40 49-80 
50 aA F 15 9x 34x-57 “57 11X3$xX-48111X35x- 5211 X34X- SILL xB}x. 6212x3}x- 4812x3}x- 5212x3}x- 58 12x34x- 64j12X4x4x- 60 
3S | 23-60 33-05 34-55 37-40 38-60 40-30 42-10 44-95 47-75 51-00 


Section moduli above are given to nearest -05 
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For notes see page 101 


Chap. D, Table 12 


TABLE 12 MAIN FRAMING 


SEE CONTINUATION) 
CORRECTION 
TO MODULUS DEPTH /N FROM TOP OF DOUBLE BOTTOM OR SINGLE BOTTOM FLOOR 
sa FRAME | BASIC = eqnesd AT SIDE TO TOP OF BEAM AT SIDE OF LOWEST DECK 
H RAMMING 
D SPACING | DRAUGHT es FOOT FEET an : andiaiont 
AMIDSHIPS db DIFFERENCE 
BETWEEN 19 20 21 22 23 24 25 26 
d and dp 
Feet Inches | Feet Per cent Sia je ere ee ee Modulus—Tnches* Sea eh be ye eps : inal > aa 
31 | 28k | 248 4:8 \) 10x35x-56 | 11x3$x-51 | 11x84x-58 | 11X34x-65 | 12x84x-58 | 12x84x-60 [12x4x4x-5 
| J | | 29-45 81-75 84-20 37-00 39-80 42-60 45-90 48-60 
ST on ; 10X35x-61 | 11X84xX-49 | 11K8hx-56 | 11X84x-64 | 12%34x-52 | 12XB4Xx-59 | 12X4K4x-5812K4 4-6) 
82 29 256 | 4:6 2 ° 
| Posh | 31-15 33-45 36-20 39-40 42-10 45-45 48:20 | 51-40 
33 | 29h “10 on DD OF | LLXB4X-47 | 11XBHX-D4 | 11XBHX-61 | 12XB4X-50 | 12XB4X-55 | 12%B4X-64 12X4X4.%-60 1244 x6 
| Aisne 82-70 35-40 88-20 41-20 43-55 47-75 51:00 | 5415 
. 7 i eo pea ee i aa BG peat | * 7 a 
34 | 30) 97.9 | 4:8 | 11X84x-52 | 11X3hx-58 | 12x84x-48 | 12X84x-55 | 12K34x-62 12X4X4X-58) 12X4X4%-66 
eal 84-55 37-00 40-30 43-55 46-85 50-20 | 58:85 | 57-00 
35 | 304 28-0 4-2 | 11X3$x-56  11x3$x-63  12x34x-52 | 12x8hx-59 | 12x4x4x-5D 12K4K4X-64) 
Lio | 36-20 39-00 == 42-10 45-45 49:00 | 52-60 56-05 60-00 
36 APR yeh He 11X34X-59 | 12XB4x-49 | 12%34X-56 | 12X4%4x-51 1244-60 1BX4X4X-45 
one | | 37-40 40-75 | 44-00 47-40 | 51:00 | 54-95 58:80 = 6275 
1) ln : SSSSSee ' = | fa —= 
ge eh gg 4 4-0 |B] LXBHx-65 | 12xBhx-58 1234X-61 | 12X4x4x-57) 12X4x4x-67 1BX4X4X-43 1X4 X4X4 
| AD ae %| 89-80 4260 | 46-40 49-80 58:75 | | SHO" |) 6L-S5 | B585 
88 32 80-0 4-90 |) 12X34X-49 | 12KB4X-56 | 12xB4X-64 | 12X4X4X-61 | (LBX4X4 X46 15 X4 x4 X05 
| |B]. 40-75 44-00 47-75 51-40 55-25 59-30 | 6835 68-25 
a —— 7 - —_a | ~ | — — } — 
39 39h 30-0 490 |'| 12X8hxX-52 | 12X8hx-59 | 124x4x-55 12K4X4X-64) | 15X4x4x-49 15x4x4x-56) 
i : 2 | 42:10 45-45 49:00 | 52-60 56:50 | 60-50 65:25 | 69-45 
40 33 30-0 40 I2xBbX-54 | 12XBHX-61 | 12X4X4x-58 12X4X4X-68 “1DX4X 4X44 15 X4X4X-50 15 X4 X45 
‘pa 43-05 = 46-40 50-20 ‘6415 | 57-80 | 6215 | 65-85 70-05 
41 33h 30-0 £0 | 12X34X-57 | 12XB4X-64 | 12X4x4X-61 | 1DX4X4X-45 15 X4X4X-52 15X4 x4 x-60 
ul Bel 44-50 47-75 51-40 55-10 59-10 62:75 | 67-05 71-80 
42 34 30-0 40 | 12X3hx-59 | 12x4x4x-55 12X4X4X-65 - 15X4X4X-48 15X4X4X-55 15 X4X4X-62 
veg) 45-45 4900 = 58-00 =| 56-40 «60-30 64:60 | 68-85 73-00 
43 344 30-0 4-0 12x34x-62 |12X4x4x-58 12x4Xx4x-67 15X4X4X-48 15X4X4X-49 15X4X4X-56 15X44 X-64 
| 46-85 SORO | | 8-75 hh ENTO 61:55 | 65:25 | 69-45 74-20 
44 85 30-0 | 4-0 12x34x-64 [12X4x4x-61 | |15X4x4x-45) 15X4X4X-D2) 15X4x4X-59/15 X4X4X-66 
L. a\ aS ; | 47-75 51-40 55-10 59:00 | 6275 67-05 | 71-25 75-85 
45 353 | 300 | 40 { 12X4x4X-b5| 12x4x4x-64 (15X4x4x-47) 15X4X4X-54) 15X4X4X-61 
wes | | | 49-00 52-60 56:30 60-25 64-00 68-25 72-40 76-90 
46 36 30-0 4-0 [| tox4x4x-58 12X4X4X-67 15X4X4X-43 15X4X4X-50| 15X4x4x%-56 15x4x4x-68 
al ‘ | 50-20 58-75 57-60 61-55 65-85 69-45 73-60 78-20 
47 364 | 30-0 40 in| 12X4X4Xx-61 15X4X4X-45 15X4K4X-51 15X4X4x-D8 1OX4K4X-65 
{Eu ue a | 51-40 54-90 58:80 | = 62:75 66-45 70-65 74-80 79-45 
| ie | — - 7 eee ee es kee ee 
48 37. | «300 40 3| 12x4x4x-64 15X4x4X-47 15X4x4x-53) 15x4x4x-60 17X4X4X-4! 
|\O| 52-60 56-10 60:05 | 64-00 67:65 | 71-80 76-05 80-85 
= - - | — 
49 37 | 30-0 £0 | 12X4X4X-67 15X4X4X-48) 15X4X4X-49 15X4X4X-56 15X4X4x-62 17X4X4X-5t 
E 5 | 53-75 57-80 61:55 | 65-25 69-45  — 73-00 77°35 | 81-60 — 
50 88 30-0 40° | 15X4x4X-45) 15X4x4x-51 15X4x4x-58 15 X4x4x-64 17 X4x4X-52 
| | 5470 58:50 | 62-75 66-45 70-65 74-20 78-60 | 83-10 
| Vv | 
Section moduli above are given to nearest ‘05 For notes see page 101 


Chap. D, Table 12 100 


ip 


MAIN FRAMING TABLE 
(CONCLUDED) 
CORRECTION 
| TO MODULUS DEPTH N FROM TOP OF DOUBLE BOTTOM OR SINGLE BOTTOM FLOOR 
FRAME | Basic | °F pnd AT SIDE TO TOP OF BEAM AT SIDE OF LOWEST DECK 
FRAMING 
— SPACING DRAUGHT | PER 1 FOOT | tie * = = ___FEET = a. 
D AMIDSHIPS| q), DIFFERENCE 
BETWEEN 27 28 | 29 30 31 32 33 34 
d and dp 
Feet Inches | Feet Per cent }<—— —— = =p" SORTS gt — — — — — —> 
284 24:8 £8 A\ 12x4x4x°62 | 15x4x4x°44) 15x4xK4x°49| 15K4x«4x°55|15 x4 «4x 60/15 X44 66 
31 204 4 || 51°80 55°30 | 58:55 6215 | 65:25 6885 71°80 75°35 
5 29 Def 16 Lox4x4xK°44 15 xK4x&4x°49) 15 xK4&K4x°55) 15 K4K4x°61/15K4x4x°68 
32 a ne | 54:95 58°45 62°15 65°25 68°85 72°40 76°50 79°60 
= rT 6-4 ded 15x4x«K4x°43] 15x4x4x«°49 15«K4x4x°55] 15 x4K4x°61) 1D X4&4 x*ORIL7 X4K4x°48117 X4K4K 52 
33 = fale fai | 5795 61°55 65:25 68°85 | 7240 76°50 80°05 83°10 
aa 30 785) 43 15x4x4x-49] 15 xX4xK4x'54 15x4x4x°61 15X4K4x°68 17X4x4x°HB/17 X4x4-x°59 | 
34 : es | 60°90 65°25 6825 | 7240 | 76:50 80°45 83°85 | 88:30 
01 28:0. 42 15x4x4x°47) 15x4x4x°54] 15x4x4x°61) 15bx4xK4%°68) 17 X4xX4X°53)L7 X44 D917 K4K4x°65 
35 . z ee 6400 =| 68°25 72°40 76°50 | 80-40 83°85 88:30 | 9275 
| 31 28-8 £1 | lax4x4x°52 1L5X4x4x°59! 15x4x4x°66 117x4x4x°53] 17x4xK4x°SS/17X4X4-x°65/17 X4K 4°72 
36 “ ; 67-05 W25 | 585 80°00 83°85 | «87-55 | 975 97°80 — 
a ere | 15x4x4x°57 15x4x4x°65) /17x4x4x°53) 17x4x4x°D9 17 x4 x4 X-GOILT X4x4x°7117 X4X4°78 
«tb ce aes #0 |I| 70-05 74°80 79:00 | 8885 | 8830 | 92:75 97°10 10205 
G os 1: 80:0 (yn | || Lox4x3x°G1 1OxX4xK4x°68) 17 x4x4x°50 17X4x4x°56) 17X4x4.x°62) 17X44 x69) 17 X4X4x°77) 
38 Se (e an 72°40 76°50 81°60 86°10 90°50 | 956s 101°35 
a, peare te pa 15x4x4x°63) 17x4x4x°52) 17x4x4x«°58 17x4x4x°64 17 x4K4x°71 
39 323 | 30°0 #0 ||| “7860 78°25 83°10 87-55 9200 | 97-10 —_ 
ee oar  |n| Lax4x4x°65) 17x4x4x°53) 17x4xK4x°59! 17x4x4x°66) 17x4x4x°72 
40 vi aoe #0 |e] 74:80 7925 | 8885 | 8HBO AS TBO 
7 a ean | an |e| 1oxdx4x-67 17x4x4x°55) 17x4x4x°61) 17x4x4x°67| 17 x4x4x°74) 
41 334 30°0 £0 I< 75°95 80°50 85385 | 89°75 94:20 | 99:25 
a SS Ole ral F acd wade ROT 7 Rl 75. alg? Ral7 Al ; — 
ee , 15x4x4x°69 17x4xK4x°50) 17X4xK4x°56) 17X4xK4x°63) LT X4X4x°69) LT X4K 4°76 | 
42 84 pl #0 ||| 7710 81°60 8610 | 91°25 95°65 100°65 
“AE ae cee /17x4x4x°52| 17x4x4x°58) 17 x4x4x°64) 17x4x4x°71) 17x 4x 4°78 | 7 
= ety ee oe | | 7825 | 88-10 87°55 | 92°00 97°10 102-05 | 
| ae : ¥ ; 17x4x4x°53] 17x4x4x°60 17x4x4x°66) 17x4x4x°73) 
44 4g ne vy | 79°60 83°85 89:00 | 9845 | 9855 | 
7. =e eee % 17x4x4x°49 17X4x4x°55) 17x4x4x°62 17 X4x4x°68 17X4K4x°74 af 
45 354 | 30°0 #0 | | 80°85 85°35 90°50 94°90 99:25 | 
bi ay a = 17x4x4x°51 17 X4K4x°57| 17X4K4x°63) 17 X4K4x°70) 17X4X4X°76) 
46 Ag we Ae A apie 8685 | 9125 | 96°85 10065 ing 
Rl. te ea WA ed 17x4x4x°53 17x4x4x°59) LT x4 4x65 17x 4X4 x71 = = 
47 364 | 300 i | 83°85 88°30 92°75 97°10 i 
BA eh ken anl ee 17 x4 x4 x54 1TX4X4X°60) 17 X4K4 X67 17 X4 X4X°73 | ; 
45 vd ind ies | 84°60 89°00 94-20 9855 | 
i 5 17x4x4x°56 L7X4x4x°62) 17x4x4x°68 | i 
49 374 30°0 #0 | 36-10 90°50 94-90 | 
i | en enahte tte 17x4x4x58 17x4x4x-64) 17x4x4x°70 
50 8 80°0 #0 |N) 8755 92-00 96°35 
Vv 


Section moduli above are given to nearest *05 


NOTES.—TABLE 12 


1. Correction to modulus of peak framing. 


For DRAUGHT. 


increased | 


- greater 
» © 
If d is reduced 


less 
foot of difference. 


than d,, modulus to be yy 9 per cent per 


2. Corrections to modulus of main framing.—The Table modulus 
is to be corrected, if necessary, as follows :— 


For DRAUGHT. 


increased 


-_ greater ; 
If d is than d,, modulus to be eee ery 


less 
given in the Table per foot of difference. 


by the percentage 
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FoR TANK SIDE BRACKETS AND BEAM KNEES 

If the height of the tank side brackets above the inner bottom is 
greater than that derived from Tables 6 and 11 or the depth of the 
beam knees greater than that required by Table 28 the modulus may be 
reduced at the rate of 4 per cent per foot of difference. 

If the height of the tank side brackets above the inner bottom is 
less than that derived from Tables 6 and 11 the modulus is to be increased 
at the rate of 8 per cent per foot of difference. 


FoR FRAME SPACING. 

If the spacing amidships differs from that given in the Table, 
modulus to be modified in direct proportion. (See also D 604 to D 607.) 

3. For framing in deep water ballast tanks, in oil fuel bunkers 
and in machinery spaces see D 19, D 20 and D 22. 

4. For increase in boiler rooms and coal bunkers see D 614. 

5. Particulars of sections and moduli are given in Table 56. 


Chap. D, Table 12 


"TWEEN DECK FRAMING 


masio FOMIUDELGS | 
DEPTH FRAME ie Ju | 
D sPacine | DRAUGHT DIFFERENCE A B | Cc D = 3 
AMIDSHIPS d b BETWEEN 
| d and di, | 
Feet Inches Feet Per cent S= ws Modulus Inches? SES | —_— — =e | a 
12 213 9°6 140 A 3X 26x28 | 3 x 24x39 3X 24 x'28 [A 
te 2b ee wets 5 pe ites | ‘90 1°30 ‘90 
‘ 3x8 x ‘34 | 84x 8 x87 = on b Be RB RO, 
») e 
14 om as Ate “1 1-15 1-60 1-00 
IT ‘ 29 | a 2 y -2e P= = “@ yw 2 y 24 |] 
291 9. _re 35 X 3 X°32 | 4 x 3 x °36 B5xX03.-x% "84 
16 24 i afte on 1-40 2-00 15 
a : 8kx 8 x°88 | 4 x 8 x -45)[ box 8)x/ 40 cb cat oe Bixesuoces40n 
18 23 14-4 12°5 {| 165 2845 $40 c Prey 
84x18 246. | 6 e- 84x86 || exes, X -49 a BEX 3 x ‘36 
2:00 3:00 4°05 1°55 
~ | 4x 8.x 48 [5x 3x45] 6x8 x “40 me Se 
2 B 
Cee wy bok bg ed | 235 3°70 IS 1°80 | 
: e aS 41 |-5 X 3.x 788 6 x 8 x “BS x ox 84 ok ee eT 
Sf vA « n 
24 an 1912 ed 80 455 560 205 
_ are Y, « o fee ol hs i) 
5) 90): ° + X39 6 x 84x°'31 4x 34 x-44 12 
eee, eee ee 25 0°90 __ #40 iA 
Ps bx 45 ] 6 x 84x40 | 7 x 8hx-39] 5 x Bbx-B4 | 
99 2 2 a] 5 2 
on a mee are 70 | 85 | toras | 8 
> ; 3h x48 | 6 x 8hx°50 | 7 x Bhx'48 | 5 Xx 3h x41 
30 28 24-0 90 || > re ignarual a tna 
9 ae 7X 385x°43 | 8 x 84X38] 5 x 3h x°48 
co : oe ee || 9:40 11°10 1390 | 400 | 
| { 5 6 x 3kx 40 
Vv 11°10 13:00 rh eed" 570: | | 
A 6 x 85 x°40 |°7 x 3E x53 | 8 x 34x45 | 9 x BE X38 
At Oils | 765 13:00 | _—*:15"50 1840 | & |, 
6 Xx 3hx-39 | 6 x Bhx-48 | 8x Bhx 43 | 8x BExbd | 9 x Bhx-46 
2 p 3 2 2 
| 755 8:80 1500 | 17°60 20°50 v 
|,;| 6 x 35x42 8 x 84x47 | 9 x 36 x°39 | 9 x 3hx°51 | A 
1a 7-95 985 __| 15-95 1865 | _—sar'90— | | 
ml 6 x 34x45 | 7 x 34x°35 | 8 x Bhx-50 | 9 x BEx-48 
Ss 8:85 hen | 16°70 19°65 23°65 2 
im| 6X 3x49 | 7 x 34x39 9 x 35 x°48 110 x 34 x°48 2 
iB | 8:90 10°45 1P1S V4 8b06 6 PSTOrse | z 
| 7 x 84x°42 1 9 x 84x'39 | 9 x 34x°51 | 10 x 34x48] 6 x 34x°44 | 
Tat Selene 10°95 18°65 21°90 26°75 BOT 
| 7 x BEx°BS | Tx BEx-45 | 9 x BEx 43] 9 x 3h x55 [10 x 38h x58 | 6 x BhXx-47 |8 
7 ‘ ____ 9°80 P50 19°65 _| _28"00 OAs £845. Ass” FOS 
50 38 aoe Wey || 7 x 8Bx°38 | 7x Bhx-47 | 9x BEXx-46 [ 9 x BE X58 | 10 x 35x57 | 6 x 3hX51 | | 
ly 10°25 11°85 20°50 23°85 29°80 | e270 ly 
Section moduli above are given to nearest *05 For notes see page 103 
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TABLE 13 


"TWEEN DECK FRAMING 


NOTES.—TABLE 13 


Diagram | 


1. Scantlings.—The scantlings of the *tween deck 
frames are given in cols. A to F. 
each column between A and E applies are shown in the 


The positions to which 
diagrams ; for col. F see note 3. The scantlings given in 
the Table apply to frames fitted at every frame. 
Diagram | is to be used when the ratio of draught d to 
depth D exceeds -75. 
Diagram II is to be used when the ratio of draught d 
to depth D is— 
less than *68 when D exceeds 22 feet 
eg UY ory Wake iste 
intermediate values to be obtained by interpolation. 
When the value of the ratio d/D falls between the 
limits defined above the scantlings of the framing are to be 
determined by interpolation. 


2. Corrections to modulus of framing. 
For DRAUGHT 


If d greater increased 


less reduced 
by the percentage given in the Table per foot of difference. 


than d,, modulus to be 


103 


*C IF BRIDGE FITTED *2L 
Diagram II 


FoR FRAME SPACING. 
If the spacing amidships differs from that given in the 
Table, modulus to be modified in direct proportion. (See 


also D 604 to D 607.) 
For ’'WEEN DECK HEIGHT. 

If the ’tween deck height at side is greater than 8 feet 
6 inches, modulus to be increased in direct proportion. 

3. If the framing in a’tween deck consists of alternate 
frames extended from below with intermediate frames the 
mean modulus per frame space is to be as required for 
uniform framing, but the modulus of the intermediate frames 
If frames are 
fitted two spaces apart (see D 609) the mean modulus per 
frame space is to be maintained. 


is not to be less than that given in col. F. 


4. Where several tiers of superstructures are fitted the 
scantlings and arrangements of the framing will be specially 
considered. 

5. For increase in ‘tween deck bunkers see D 614. 

6. Particulars of sections and moduli are given in 
Table 56. 
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TABLE 14. 


(SEE CONTINUATION) 


BASIC 
DRAUGHT 


dp 


FRAME 
SPACING 
AMIDSHIPS 


WIDTH 
oF 


FLAT PLATE 


KEEL 


ae 
Inches 


‘ 


OF 


KEEL 


THICKNESS 


FLAT PLATE 


SHELL PLATING 


‘| THICKNESS OF SHELL PLATING 
FOR ‘4L AMIDSHIPS 


FROM KEEL 


TO 


UPPER TURN 


OF BILGE 


FROM UPPER 
TURN OF 
BILGE TO 


SHEERSTRAKE 


THICKNESS 
OF SIDE 
AND BOTTOM 
PLATING 
FOR ‘O5L 
FROM ENDS 


MINIMUM THICKNESS OF SHELL 
PLATING FOR -4L AMIDSHIPS 


FROM KEEL 
TO 
UPPER TURN 
OF BILGE 


FROM UPPER 
TURN OF 
BILGE TO 

SHEERSTRAKE 


6 i 
Inches 


7 
Inches 
+26 


os 
Inches 
+26 


9 


10 


Inches — 
+25 


~~ Inches 


-26 


Inches 
26 


27 


27 


27 


“27 


“29 


+28 


+30 


+32 


uo 


UES EESEICRSHICS 
wclala| |r| o|« 


| He 


2 | no} no] no] no 
an 


a) 7) o 


bo bo] to) pot 


© || | 


O| |) | am) S| | d/o] o> 


oe 


ajpolo 
LO ed 


oo 


oa 
eo 


ou 


For notes see page 105 
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14 


(CONCLUDED) 


SHELL PLATING TABLE 


THICKNESS OF SHELL PLATING MINIMUM THICKNESS OF SHELL 


WIDTH THICKNESS FOR ‘4L AMIDSHIPS it apna | PLATING FOR ‘4L AMIDSHIPS 
LENGTH BASIC BASIC FRAME OF oF i IE 
L DEPTH DRGUGED SPACING PLAT PLATE FLAT PLATE FROM KEEL FROM UPPER | PLATING | FROM KEEL FROM UPPER 
Db, d, ADeETES EE: KEEL TO TURN OF FOR ‘OSL | TO TURN OF 
UPPER TURN BILGE TO FROM ENDS UPPER TURN BILGE TO 
OF BILGE SHEERSTRAKE OF BILGE SHEERSTRAKE 
1 2 3 ' ar Se |G ie: ( 8 9 10 il 
Feet Feet Feet Inches ~ Inches } Inches “Inches Inches Inches Inches’ ~ Inches ci 
510 | 47-0 30-0 314 57 “95 71 67 “50 -67 “65 
~ 620 48-0 30-0 31h “er orb ae (| ted Re 50 69 66 
580 49-0 | 3000 313 ee 73 +69 1 70 67 
540 50-0 30-0 32 59 98 74 ‘70 “D1 “72 68 
B50 51-0 0-0 32} 59 | 99 75 70 52 ‘78 68 
560 52-0 30:0 | 324 ~ eo — | P00 76 71 “52 74 69 
570 0” | CSO ga 6020 | COLO i ne ee 75 69 
580 | 540 | 30-0 3: 61 | 108 |  -78 72 538 |  -76 7 
590 50 | 80-0 33} ei 104 79 72 58 77 70 
600° 56-0 “30-0 83h 7 62 1-06 80 73 Ba 78 71 
HH 
610 57-0 30-0 333 63 107 ‘81 73 54 ‘79 ‘71 
620 58:0 | 80-0 34—Ci| S638 si-O8 82 74 | 54 | __-80 72 
| 630, 59-0 300 | 84+ | 64 109 | 8B 75 bb 81 73 
640 60:0 | 30-0 344 65 pia of ea” te 5D 82 74 
650 «| 61-0 30-0 344 =| ~~ 65 1-12 85. 76 DD 83 74 


NOTES.—TABLE 14 


1. Keel.—The width and thickness of the keel plate 
(cols. 5 and 6) are to be maintained throughout. 


2. Garboard strake—If a bar keel is fitted, the 
thickness of the garboard strake is to be 85 per cent of 
that required for keel plate (col. 6); this thickness is 
to be maintained for -4L amidships and may be 85 per 
cent of the amidships thickness for -05L at the ends, but in 
way of strengthening of bottom forward is not to be less 
than required for bottom plating. 


3. Bottom and side plating.—The Table thickness 
of bottom and side plating for -4L amidships (cols. 7 
and 8) is to be corrected, if necessary, as follows :— 


For DEPTH. 
. greater : reduced 
If D is ax than D,, thickness to be RE aE 
by 0-7 per cent per foot of difference. 
For DRAUGHT. 
- greater ‘ increased 
If d is Pee than d,, thickness to be malted 


by 1-5 per cent per foot of difference. 


If both these corrections are required the factors 
derived from each correction are to be multiplied together 
and not applied separately to the Table thickness. (Example: 
Correction for depth+-1-22%; correction for draught—3-37%; 
total factor 1-012 x -966—-978.) 

The thickness for -05 L at ends given in col. 9 are 
not subject to the above corrections. 


4, Effective superstructure.—lIf an effective super- 
structure as defined in D 206 is fitted the shell plating 
may be modified as stated in D 703. 


5. Frame spacing.—If the spacing amidships differs 
from the Table spacing (col. 4) the thickness of bottom and 
side plating is to be modified at the rate of -01 inch for 
every inch of difference, but where the spacing amidships 
exceeds the Table spacing by 3 inches or more the increase 
required will be specially considered. 


Where the bottom is framed longitudinally the thick- 
ness of the bottom shell plating is to be modified at the 
same rate for every inch of difference of spacing from that 
given in Table 10. 


6. Minimum thickness—The thickness of the bottom 
and side plating for -4L amidships, after correction as 
required by notes 3 and 5, is not to be less than that given 
in cols. 10 and 11, corrected as required by note 5 only. 


7. Local strengthening.—Plates connected to the 
sternframe or propeller brackets are to have the thickness 
given in col. 8 without corrections and those which require 
to be furnaced are to be of that thickness when finished. 


For strengthening of bottom forward see D 802. 


For strengthening at openings in shell see D 705 to 


D 706. 


For strengthening at ends of superstructures see 


D 1206 and D 1305 to D 1308. 


For strengthening for navigation in ice see D 1005. 
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TABLE “PS 


BEAMS IN PEAKS BELOW 
LOWEST DECK 


BREADTH 
BEAM KNEE | RIVETS 
B 
Feet a ~~ Inches lin Inches [Number Inches 
22 2A 5 x8 x-28| 15 x30 | 4 | 3 
3 5 x8 x°82| 15 x82 | 4 3 
o 
a 4 - —— —— ——_—~ — — ——_— |—— — 
fe 54x38 x°84| 164 x34 5 + 
= NOTE.—TABLE 15 
ree he is) | at 
| ere Oy a eee 6 ' Where B is greater than 54 feet 
y the scantlings of the beams are to be 
Vivre eel raga - specially considered in relation to the 
; 6x3 x3 x82) 20 x36 6 ; size and form of the ship. 
| Se ale Ss Sal - 
1 6x38 X38 x°42| 22 x38 6 i 
n 
= —— — +H — — — 
¢ 7x8 x3 x'40| 24 x88 | 6 1 
te = ae 
1o) 
1 8x8 x8 x44] 26 x-40 6 2 
a ee See sas eee 
\ ; 
, 8xBhx8hx'40) 28 x42 7 H 
Vv 


TaBLE 16 : 


STRINGERS IN PANTING REGION 


FORWARD OF COLLISION BULKHEAD ABAFT COLLISION BULKHBAD 
LENGTH STRINGER PLATE THICKNESS OF 
LS: [Sar eer nae INTERCOSTAL FACE ANGLE 
| 
WIDTH THICKNESS PLATE 
Feet, Inches i ‘Inches Inches Inches 
100 22 "26 28 24 x 24 x °30 
200 eae eee 31 ls xs x-s6 
ye ea a 
300 28 32 "BD |S 44x38 x40 
| 
| Chemo 
400°" "| 32 35 | "39 | 6 x3hx-42 
| ar ry is Pe ree ee 
y 
500 36 "38 “42 |? XShx-42 
600 40 “41 “46 | <8 x3hx-48 
| Vv 
Da 


Chap. D, Tables 15—16 106 


TABLE 1 7 


ICE STRENGTHENING—CLASS 3 
INTERMEDIATE FRAMES 


LENGTH INTERMEDIATE FRAMES 


& 


| FORWARD OF COLLISION BULKHEAD ABAFT COLLISION BULKHEAD 


INCHES 
—  Modulus—Inches* —— 


ANGLES _ 


n 
;o 
w 
a 
a 
4 
i=) 


—— 


< BULB ANGLES > 
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TABLE 18 


(SEE CONTINUATION) 


TOPSIDE SCANTLINGS 


SECTIONAL AREAS OF STRENGTH D 
wiprn OF | toxnass | FORDEPTH, DRAUGHT AND BEAM ( 
BASIC BASIC EBRLO BEAM hee OF WHERE ONE DECK FITTED 

DENGTE BREADTH DEPTH ae SPACING SHEERSTRAKE 
L Bp Dp dp AMIDEEEPS tad ~ CORRECTION PER} 
PLATE OF SECTIONAL (DIFFERENCE BET} 

PLATED DECK | 4) A M/DSHIPS” AREA a 

D and Dp d an 
ii 7 3 4 5 Ae Ca ae fs: ae 
Feet Feet Feet Feet Inches Inches Inches Square inches Per cent Per | 
10052) 25 10 6-0 21 42 28 9 | 18-40 | 2p 
110] - 26 10:5 6-6 21} 42 29 ii 15-90 | 2 
120 27 1 7-2 214 43 Pate: ot 12 14-30 | 19 
130 28 11-5 7:8 aif 44 +82 13 | «(13-45 | 76 
140 29 ee 8-4 22 45 #84 15 (12-25 | Ih 
150 30 12-5 9-0 22} 45 36 18 11-45 | 16 
160 31 13 9-6 a 46 37 21 10-80 | Is: 
Vs al 32 13-5 10-2 224 46 "BB | 24 | _—(10-20 | I 
180 33 14 10-8 23 47 -40 27 9:70 | It 
190 34 15 14 23} 48 4d 29 9:25 | th 
200 35 16 120 234 49 43 32 8-80 | 12 
TO aa 17 12-6 234 50 “44 35 8-40 | 12 
220 87", |" 18 13-2 24 51 +45 38 8:00 | Ih 
230 38 19 13-8 | 24} 51 46 41 7-70 | 106 
240 Tee 20 14-4 244 ae ee 45 7-40 | 10 
250 | 40 pees eae 15-0 244 52 48 49 | 7-20 | 
260 41 22 15-6 25 53 50 D4 695 | & 
270 = ae 23 16-2 25} SB tt 51 = 59 670 | & 
een, | 48 oh 16-8 ~ HBGke y Tee eee ee 6 =| S50 | 
290 ae 25 17-4 254 b4 BA 1 | 635 |e 
300 45 at ee 18-0 26 8a D5 78 6-15 | Ti 
810 — 46 eke: 7 oh +: 18-6 264 55 “56 ai AF 6:00 | & 
820 | 47 28 19-2 26h Saini G! 57 91 | 8s | 
830 48 29 | «198 | oe 56 D8 99 5-70 | 5 
20° 106 5-55 | i 
14 5-40 | 5! 
193 | 85 | 
131 x10 | 4 
40.—C—i«d|C 495 | 
150 480 | 44 
160 470 | 4 
t1¢ 170 $55 | 4 
180 4-40 | 
191 4:30 | #1 
201 _ 420 | 4H 
29% 213 410 | # 
—_ 7 |_ 
iad _| 
: 2 ss 
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TOPSIDE SCANTLINGS 


TaBLE 18 


(SEE CONTINUATION) 


SBOTIONAL AREA OF Se eek steitaet Sait Walkie BND SORA MOTIONS MINIMUM THICKNESS OF THICKNESS OF 
- = = = = . a = UNSHEATHED PLATING UNSHEATHED PLATING 
WHERE TWO DECKS FITTED WHERE THREE DECKS FITTED ee: | OF STRENGTH DECK FOR OF STRENGTH DECK FOR eaert 
—— = = mA _ ; | DECKS — “4 AMIDSHIPS ‘IL FROM ENDS 
|CORRECTION PER 1 FOOT CORRECTION PER 1 FOOT CORRECTION | t 
soTIONAL |DIFFERENCE BETWEEN:| SECTIONAL |DIFFERENCE BETWEEN: rie ‘! Rp cil 
oe | —— 1 loan omnes] mrmee |oommmm zon] meso | grace | scamive 
fi iO 13 14 1b 16 iG = a 9 20 Eom! 2 
yuare inches Per cent Per cent | Square inches | Per cent Per cent Per cent Inches Inches Inches Inches Feet 
| 4-0 26 26 26 26 100 
| | 7 [Pa |) se | Seage) es 86 | te 0 
aa | [aS oe | 40 | 87 26 mh. 26 ~=6©| 120 
| ca 4-0 27 27 27 26 180 
a roag : a re ee | as 27 428 26 140 
zz | a i | 40 | +28 27 28 | 26 #«2+| 4150 
_— | | La cep: | #0 | 3904 28 | 29 27 | geo | 
— ie ae a i | oe | Boon [ee Oe 27 170 
ou | i865 | itso | «| | 40 | 81 Tn a a. 
27 jeio | 3008 | we) eae) a On 28 ae eae 190 
30 | 12:50 | 10-90 : | 40 |  -32 29 31 | -28 ~ 200 
32 12:00 10-70 12 See 32 29 ‘31 | 28 210 
ay 11-50 10°50 | — We es | #0 33) | 29 | 82 28 | 220 
37 11-00 10-35 Ses | a 40 | 8 | -29 |  -82 28 230 
"4 | 1055 | 10-15 | Ss | 40 84 ee a 240 
8 | 10:05 | 9-95 ie : | 40 | 34 | 80. 33 29 | 250 — 
i 9:60 | 9-70 | A | 40 | BS 81] 84 29 260 
a ee ‘ 400=6«| «85 Sele “84 29s] 270 
ms, lok 8-05 PH) Win ll“ Syemedu teeta | Orde dle Vewonnd hd siete 35 | 80 | 280 
59 8-70 Beye oF Lapeiiom: we [ear reid | gig hOrot apRm Ra LgaW ey RBS wine | 990) — 
aro ae i 40 | 37 | -38 | +86 | -80 - 300 
69 8-20 8-05 oot a _ | sonwly . 87 | 83 by SOE “30 310 
% | 800 | 7-60 | a | era ee | 88 | 84 87 1 | $820. 
ma | reo | re [of | er [ose Sh see [ar 31 +| 330. 
i twinge, | 6-75 BL ewikd-50 | ar-05 ee ee ee a ee a 
a x50. 640 | 87 | 910 | 6-70 35, ] 80) ob eeete Qhjeesy  ins1 =| BBO. 
8% | 7-80 605 | 94 | &70 | 6-85 34 | +40 3d 39 ineeBipe | 860. | 
5 =| 710 |  &70 100 | 8:85 | 605 | B8 40 | BO 890 fil 82. | 870 
m3 | 690 | 545 | 107 | 805 | 575 | oe | 41 | +85 | 89 | -82 | 880 | 
20 675) |. 520 |) a8 | 780 | 16-50 -| 32) 41 ‘$5. | 39 | 82, | «6890 | 
Bs | 6-60 | 5-00 | 121 7-55 | 580 30 |  -42 +36 -40 | 88 | 400 
3 =| 640 | 480 | 129 7-35 5-10 2-9 “43 -36 “40 | 88 410 
Mt 620 | 4-65 187 “7:20 | 4:95 2-8 44 +86 40 33. =| 420 — 
We =| «600 | 450 46—Ci| S705 | 4-80 | 7 | ok 36 ~| 40 | 88 |S 480 
Mio} 585 440 | 158 | 695 | 470 26 | +45 allah? abil ads~Sh ae 440 © 
70 B70" | ago |? “61” 6-80 | 455 | 25 | -45_ FY een es 7 Ba 450 
lig 5-50 4:20 | 169 ee ee ee eee eee ei EE 
| 530 | «75 | 177 | 660 | 440 | 28 | -46 | 87 41 | 84. | 470_ 
_% | S10 | 410 | 185 |. @60 | 480 | 22. Aina alt aOSio lieder hehe we | 480_ 
m | 495 | 405 | 193 | 640 | 425 | 21 Maga A We agape Tingitoaggrat 34 490 — 
9 | 480 | 400 | 201 | 680 | 4-20 20 48 +38 42 35. | 500 
SSD Se ee ee a ee ee 
For notes see pages 110 to Il 
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TaBce 18 TOPSIDE SCANTLINGS 


(SEE CONTINUATION) 


SECTIONAL AREAS OF STRENGTH pg 
| FOR ‘4L AMIDSHIPS AND CORRECTI0Q: 
WIDTH OF FOR DEPTH, DRAUGHT AND BEAM. (Co), 


THICKNESS 
BASIC BASIC BASIC Bide SHEERSTRAKE on WHERE ONE DECK FITTED 
BREADTH DEPTH | DRAUGHT eee AND PS 
seh oleh RC amipsmrs or FoR SECTIONAL, | PfFHITENC EPI 
‘*4L AMIDSHIPS AREA 
PLATED DECK 
D and Dy | d and ( 
2 8 ea i= 5 e 7 8 jak 
: Feet Feet Feet | Inches | Inches Inches | Square inches Per cent | 
66 4309 30-0 | 31} 65 81 
~ 520 | Oni) joe. -apihs peli BONDE. | | eae || ee 82 = 
68 a 49 ____ 800" 314 | 66 -82 | | 
69 50 30-0 32 67 -83 | 
550 (Ce Se -__ BF pee Slee = 
7h0| jee  baSo Tel jeowes cE a 68 | 85 
SC NT 
al T¥= | |S 5s 30008 | seh | "86 | —<—* | 
oO | 74 aa a ea ee 33} 69 | -87 | | | 
= C yecrsee | 56 30-0 3384 5 ee Se | | | 
76 i} — 80-0 — >} — —- 88} =~ 71 . 88 | | 
; 4 EY 7 oe a = ST oes ee CE GE: 89° aaa hi - 
63 ee eS el EE Se ee ee 
640 TE ee eee 30:0 a a 74 ae | | 
Sema 61 30-0 34h 75 a aa | z 
(| RE) OEE a) tO 2 a ee ee ee ee 


NOTES.—TABLE 18 


1. Sheerstrake.—(a) The Table thickness of the sheer- 
strake (col. 7) is to be corrected, if necessary, as follows:— 


For DEPTH. 


If D is * eater than D,, thickness to be reduced 
less increased 


by 4 per cent per foot of difference. 


For DRAUGHT. 


If dis TC@T than dj}, thickness to be increased by 
less reduced 


4 per cent per foot of difference. 


If both corrections are required the factors derived 
from each correction are to be multiplied together and 
not applied separately to the Table thickness. (Hzample: 
Correction for depth +7:32%; correction for draught 
—10-16%; total factor=1-073 x *898=-964.) 

(b) The thickness of sheerstrake is not to be cor- 
rected for frame spacing, but is not to be less, for 
-4L amidships, than the side plating. 

The thickness of sheerstrake at ends is to be the 
same as that of the side plating except in. ships in 
which the draught does not exceed -7D (D_ being 
measured to the uppermost continuous deck) when the 
end thickness may be as required for a poop or forecastle 
aft or forward respectively. 


2. Plated strength deck.—(a) The area given in cols. 
8, 11 and 14 is the sectional area of deck plating including 
stringer plate and stringer angle for one side of the ship 
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abreast openings. If riveted overlap seams are fitted, 
they may be included in determining the required deck 
thickness. 


(b) The Table area (cols. 8, 11 and 14) is to be 
corrected, if necessary, as follows:— 


For DEPTH. 


. greater reduced 
If D is laa than D,, area to be freetaniael 


by the given percentage (cols. 9, 12 and 15) per foot 
of difference. 


For DRAUGHT. 


. greater increased 
Tf sd O86 pen than d,, area to be 2a eae 


by the given percentage (cols. 10, 13 and 16) per 
foot of difference. 


For BREADTH. 


- greater increased 
If B is ie than By), area to be milaiid 


by the given percentage (col. 17) per foot of difference. 


If more than one of the above corrections is required 
the factors derived from the individual corrections are to 
be multiplied together and not applied separately to the 
Table area. (Example: Correction for depth — 13-81% ; 
correction for draught + 3°92% ; correction for breadth 
+ 9-12% ; total factor = -862 x 1-039 x 1-091 = ‘978.) 


TOPSIDE SCANTLINGS 


TABLE 18 


(SEE CONTINUATION) 


SECTIONAL AREAS OF STRENGTH DECK FOR “4L AMIDSHIPS AND CORRECTIONS 


FOR DEPTH, DRAUGHT AND BEAM 


WHERE TWO DECKS FITTED WHERE THREE DECKS FITTED 


ALL 
STRENGTH 


MINIMUM THICKNESS OF 
UNSHEATHED PLATING 


THICKNESS OF 
UNSHEATHED PLATING 


aie OF STRENGTH DECK FOR OF STRENGTH DECK FOR LENGTH 
CORRECTION PER 1 FOOT! CORRECTION PER 1 FOOT CORRECTION ine art al aa je 
gerioNAL DIFFERENCE BETWEEN: gporionaL (PIF FERENCE BETWEEN: epanenne - 
WEE) 
= D and Dy di and dp ws 8 D and Dy, d and dh, eee OF OPENINGS OF OPENINGS STRINGER PLATING 
r 12 iB 14 | 1b 6g 17 18 Fy 20 a 16 ae 22 
square inches | Per cent | Per cent | Square inches Per cent Per cent Per cent | Inches Inches | Inches Inches Feet 
997 4-55 4:00 | 209 5:95 | 4:20 2-0 -48 +38 +42 “35 510 
237 430 | 400 217. | 555 | 420 | 20 | 49° 39 0=— | 48sd| 85S BO 
46 | 405 4-00 225 5-20 4:20 20 +49 390 | 48 BB 530 — 
256 3-80 | 400 233 | 490 | 420 | 20 50 39 | -48.~«|| 85] = 40 
2% 2=6©| «6860 | 400 | 241 4-60 4:20 20 +50 8 cilia #487 90 [un 6 550 
“278 345 | 400 | 249 | 485 | 420 | 20 | do | -40 | -44 «=| -86 | 8560 
257 410 | 420 | 20 | 50 | -40 | 44 +86 570 
266 385 | 420 | 20 | +50 | 40 | -44 #+'| -86 ~ #+| SSO 
; 274 =| 365 | 420 | 20 | 50 | -40 | -44 ~ #'| ~ -86 ~ «(| 8590 
282 3-50 420 | 20 | 50 “41 45 | -86 | 600 
| 290 3-35 | 4-20 20 | +50 41 | 46 | 86 610 
299 325 | 420 | 20 | -50 | -41 45 | 87 620 
307 315 | 420 | 20 | -50 41 * 4a | > AT oh mon 
ee ee 4:20 20 =6| ~~ +50 “49, | M8 Le 87 640 
i 325, 3-00 400; | 2:0 =| i BO) bil ealeeds wilow GhS @ Heo -8The lie GO 
UE a oe ee eee ee eee 


NOTES.—TABLE 18 (continued) 


The deck area obtained after the above corrections is 
the minimum area. This area may require to be increased 
for special characteristics in design as required in note 2(¢). 
(For longitudinal framing see note 3.) 


(c) Where there is no effective superstructure (see 
D 206) on the strength deck, the sectional area of the 
strength deck plating as computed from notes 2(@) and 2(0) 
is to be increased by multiplying the area by the factor 


F = athe Cb x f, if this factor is greater 
100 x d 
than unity. 
Where Cp = moulded block coefficient at load 
draught. 
L = length between perpendiculars, in feet. 
d = summer draught, in feet, measured from 


top of keel. 
f is to be determined in the following manner :— 
Where 2 = length, in feet, of machinery space between 
main bulkheads including mean length 
of adjacent cross bunkers, if any. 


X = distance, in feet, of centre of the length 
‘1’ from midships. 
m = weight of machinery, in tons, excluding 


propellers and shafting, but including 
all auxiliary machinery in machinery 
space. 


ut 


W = load displacement, in tons. 

V = sea speed, in knots. 

s = product of length, mean breadth and 
height, in feet, of cargo space in fore- 
castle, poop or after “tween decks as 
defined below. 

z = distance, in feet, of centre of length of 


above cargo space from amidships. 


Then f is the algebraic summation of the following 
terms “a” and “b” in all cases and “c” and ‘*d,” 
V2 


where applicable, multiplied by 1 z 


+ 
Wh 
“a” “b” “oc” and ‘‘d;” are obtained as follows :— 


“a” is taken from Table 18A for the appropriate 
values of 2/L and x/L. 


“b” is calculated from Table 18B to give effect 
to any departure from a standard value of 
m/W = ‘06, and may be positive or negative. 


“c”. If a forecastle andor poop is fitted on the 
continuous strength deck for the carriage of cargo, 
or if cargo is carried in the upper ‘tween decks 
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NOTES.—TABLE 18 (concluded). 


abaft -05L forward of the after perpendicular, 
a further term “Cc” is to be calculated and added 
as follows :— 


For a forecastle, poop andjor after “tween 
deck 


88.8 (zZ — ‘251 — “2L) 
WL 


(Nore.—In calculating ‘'s”’ for an after ‘tween deck the 
length of the space need only be measured abaft -05L forward of 
the after perpendicular.) 


d+”. If owners desire provision to be made in 
the longitudinal scantlings for loaded voyages 
with one or more midship deep tanks empty an 
additional term ‘‘dt’’, calculated for each deep 
tank as follows, is to be added to ‘fa”, ‘*b” and 
‘*o” when calculating the value of ‘‘f”. 


150 © (257 + -2L—y) 


Silbes WL 
Where C = capacity of deep tank, in tons, of salt 
water, 


= distance, in feet, of centre of length of 
deep tank from amidships. 


This correction is applicable to ships having machinery 
amidships and for midship deep tanks only; it is not to 
be applied to tanks at ends where the value of ‘‘dy”’ is 
negative. : 


(d) Where a long continuous deckhouse extending 
over at least *15L amidships and not less in breadth than 
‘8B is fitted, the increased deck area required by note 2(c) 
may extend from a distance of *O4L inside the deckhouse 
at each end to ‘2L from midships. Within the remainder 
of the deckhouse the deck area is to be that required by 
note 2(b). (For Deckhouses see D 1208 to D 1211). 


(e) The requirements of notes 2(¢) and 2(d) may be 
modified as necessary to take account of any special features 
in the design arrangements not covered by the formula. 


3. Longitudinal framing.—Where the strength deck 
is framed longitudinally, the sectional area of deck plating 
including stringer plate and stringer angle may be 10 per 
cent less than that obtained by note 2. The associated 
basic total area of longitudinals is to be 20 per cent of the 
sectional area so obtained. 


If the total area of longitudinals fitted exceeds the 
basic area, 75 per cent of the excess may be deducted from 
the area of deck plating, but the thickness must not be 
less than required by column 18. If the total area of 
longitudinals fitted is less than the basic area, the whole 
deficiency in area is to be added to the area of deck plating. 


4. Tween deck height.—If the midship height of 
the *tween decks below the strength deck exceeds 8 feet 
6 inches at side, the area of the strength deck, corrected as 
required by notes 2 (6), 2 (c) and 2 (d) is to be increased 
at the rate of 5 per cent of the Rule area of the second 
deck in two-deck ships, and 7 per cent of the Rule area 
of the second deck in three-deck ships, per foot increase 
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in ’tween deck height. If the second ’tween deck height 
exceeds 8 feet 6 inches, a further increase may be required. 


If the midship height of the *tween decks below the 
strength deck is less than 8 feet 6 inches at side, the area 
of the strength deck corrected as required by notes 2 (0), 
2 (c) and 2 (d) may be reduced at the rate of 5 per cent of 
the Rule area of the second deck per foot reduction in 
*tween deck height. 


5. Beam spacing.—If the spacing of beams amid- 
ships differs from that given in col. 5, or with longitudinal 
framing from that given in Table 26, the minimum thick- 
ness of deck plating outside line of openings (col. 18) is 
to be modified at the rate of -01 inch for every 2 inches of 
difference, and the minimum thickness of deck plating 
inside line of openings (col. 19) at the rate of ‘01 inch 
for each complete 4 inches. 


6. Stringer plates—The thickness of strength deck 
stringer plates amidships is not to be less than 85 per cent 
of the thickness of sheerstrake, corrected as required by 
note 1, nor less than -04 inch greater than that given in 
col. 18. 


The width of stringer plates for -1L at ends is not to 
be less than 60 per cent of the width amidships (col. 6). 


7. Stringer angles.—Scantlings are to be in accor- 
dance with Table 19. 


8. Sheathed decks.—Where plated decks are sheathed 
with wood or approved composition the thickness given in 
col. 18 may be reduced by 15 per cent in ships over 170 feet 
in length and by 10 per cent in smaller ships, and that 
given in cols. 19, 20 and 21 may be reduced by 10 per 
cent for all ships. 


9. Effective superstructures.—If an effective super- 
structure as defined in D206 is fitted amidships the 
scantlings of the upper and second decks in way of the 
superstructure are to be those required for the second 
and third decks respectively. 


10. Strength deck with stringers and tie plates.— 
Stringer and tie plates fitted under a wood deck are to have 
the combined sectional area, for -4L amidships, required for 
a plated deck. 


The width of stringer plates for -4L amidships is not 
to be less than 22 inches and 54 inches for lengths of 100 
feet and 260 feet respectively with intermediate values in 
proportion. The width for -1L from the ends is not to be 
less than 60 per cent of the width amidships. 

The width of tie plates throughout is not to be less 
than 12 inches and 20 inches for lengths of 100 feet and 
260 feet respectively with intermediate values in proportion. 

The thickness of the stringer and tie plates is not to 
be less than given in col. 20, but stringer plates for -4L 
amidships are not to be less than 85 per cent of the Rule 
thickness of sheerstrake. 


11. Local strengthening.—For strengthening at the 
ends of superstructures see D 1206 and D 1305 to D 1308. 
For strengthening at openings see D 1108. 


For strengthening in ships having concentrated loading 
amidships see D 1107. 


TABLE 184 


Term “a”? of Basic Deck Factor f (Note 2 (e)) for mw = ‘06 


TABLE 188 


Term ‘“‘b” of Basic Deck Factor f (Note 2(c)) 
Value per ‘01 Difference in m/w from -06 


‘| 


x/r, CORRECTION | x/r, CORRECTION 
10) 526 “06 “440 
“O01 *b22 07 “412 
02 “514 08 “380 
03 "502 “O09 "345 
“O4 “486 10 *312 
“05 “464 | “1 at 

| 12 242 

| | 
The term “b” is positive less than -06. 


when Mw is 


negative greater 
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TABLE 19 


STRINGER ANGLES ON STRENGTH DECKS 


DIAMETER OF 
THICKNESS OF SHEERSTRAKE 
RIVET AS * 
OR STRINGER PLATE REQUIRED BY SIZES OF FLANGES SPACING OF RIVETS 
WHICHEVER IS THE GREATER TABLE 52 
not Tw) a" 4 
Ab ; 
jove exceeding Inches Inches Diameters 
Inches % 
pas 36 5 3 x8 4} 
36 50 3 34 x 3h 4} 
50 56 2 3 x 3} 4} 
56 64 q 34 x 34 4} 
64 Fire z O: tare 2 rows, 6 in each row 
72 94 1 6 x6 2s OW os 
94 114 1} J inwmae seer h oe 54 1 
1°14 1:20 1} 07 ane PA ” 


* The thickness of the stringer angle is to be that of the sheerstrake or stringer plate, 
whichever is the less. 
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TABLE ZO 


(SEE CONTINUATION) 


LOWER DECKS 


SECOND DECK PLATING 
OUTSIDE LINE OF OPENINGS 
FOR -4L AMIDSHIPS 


THIRD DECK PLATING 
OUTSIDE LINE OF OPENINGS 
FOR 4L AMIDSHIPS 


PLATING OF 
SECOND & THIRD 
DECKS INSIDE LINE OF 


LENGTH BASIC oer OPENINGS & FOR -1L 
L BREADTH fait FROM ENDS AND OF 
Bp MINIMUM MINIMUM cprsnemlaimnepaae 
SECTIONAL SECTIONAL THROUGHOUT 
ern THICKNESS aurea THICKNESS sriiatnaearaat 
(UNSHEATHED) (UNSHEATHED) ( 
1 2 = 4 6 6 7 ei 
Feet | Feet Inches Square inches Inches Square inches Inches Inches 
180 33 23 16 28 26 
190 34 23} 17 28 26 
200 35 234 18 +29 26 
-210 36 235° 19 +29 26 
220 37 24 21 29 26 
230 38 24} 23 +29 26 
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LOWER DECKS TABLE ZO 


(CONCLUDED) 
| | | 
SECOND DECK PLATING THIRD DECK PLATING PLATING OF 
OUTSIDE LINE OF OPENINGS OUTSIDE LINE OF OPENINGS SECOND & THIRD 
BASIC BEAM FOR -4L AMIDSHIPS FOR -4L AMIDSHIPS | DECKS INSIDE LINE OF 
LENGTH BREADTH eri cree OPENINGS & FOR ‘1L 
SSS a —$<$<—<— = = = FROM ENDS AND OF 
L Bp AIORELEP PLATFORM DECKS 
SECTIONAL eNO SECTIONAL ata! THROUGHOUT 
AREA THICKNESS AREA THICKNESS (UNSHEATHED) 
(UNSHEATHED) (UNSHEATHED) 
ae [_ Ae, eee ee a8 ii 5 ai 6 ii 8 
Feet Feet Inches Square inches Tnuches Square inches Tnuches Inches 
510 66 31} 104 bs ror 90 b “34 “31 
520 67 314 107 38 93 “34 31 
; | ms : * : 
5680 68 Lt 110 -38 96 “34. “31 
540° ae oes 69 ; 32 113 +39 99 *35 “31 
550, 70 H i 32} 117 39 102 “35 “31 
560 hee 324 120 . -40 105 36 “32 
se)! 72 2 ee oe 123 -40 107 +36 +32 
580 _ 73 33 126 = “41 110 37 +32 
590 gees. 33} 129 41 : 112 187 +32 
600 75 334 132 +42 115 +88 +82 
a a es ee 185 ; “42 118 38 “32 
EE ee ar ee a - STB 5 121 39 ; 38 
630 78 84h 142 “43 124 “39 33 
640 — |i 345 145 “44 128 “40 “33 
148 


NOTES.—TABLE 20 


1. Sectional area—The Table area of lower decks 4, Sheathed decks——Where plated decks are 
(cols. 4 and 6) is for one side of the ship outside the line sheathed with wood or approved composition the thickness 
of hatchways or other openings and inside the line of given in cols. 5, 7 and 8 may be reduced by 10 per cent. 


notches for *tween deck frames; it includes overlapped 
seams, if fitted. 


2. Corrections. 


5. Decks with stringer and tie plates.— Stringer 
and tie plates fitted under a wood deck are to have the 
combined sectional area, for -4L amidships, required for a 
For BREADTH. plated deck. 

If B differs from B,, (col. 2) the area is to be modified 


sichiienenropartion. The width of stringer plates from shell to inner edge, 


for ‘41 amidships, is not to be less than 38 inches and 46 
inches for lengths of 180 feet and 260 feet respectively 
with intermediate values in proportion. The width for 
‘1L from the ends is not to be less than 60 per cent of the 
width amidships. 


For BEAM SPACING. 

If the spacing of beams fitted at every frame, or of 
longitudinals, differs from that in col. 3 the minimum 
thickness of deck plating (cols. 5 and 7) is to be modified 
at the rate of ‘Ol inch for every 2 inches of difference. 

: . The width of tie plates throughout is not to be less 

S. Stringer plates and angles.—The thickness of than 12 inches and 20 inches for lengths of 180 feet and 


stringer plates may be the same as that of the deck plating. 260 feet respectively with intermediate values in proportion. 
Angles connecting the deck to shell plating are to have 


the same thickness as the stringer or deck plating to which The thickness of the stringer and tie plates through- 
they are attached. out is not to be less than given in col. 5. 
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TABLE 21 _ SHORT SUPERSTRUCTURES 


' 
i (SEE CONTINUATION) 
| 
| era SE So eae ae srsiaea Taek OF UNSEAT 
} WOOD DECK WOOD DECK 
POOP Bs la STRINGER TIE PLATE BRIDGE FORECASTLE POOP BRIDGE FORECASTLE 
| 2 3 4 5 9 0 rT 
Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches . 
22 29 12 5 122 22 22 124 24 24 
22 29 13 5 22 22 22 24 24 24 
22 22 14 5 22 22 22 24 24 24 
22 22 15 5 22 22 22 24 24 24 
88 23 16 5 123 23 23 24 24 24 
23 24 17 5 23 124 24 24 24 24 
24 25 18 6 24 125 25 25 95 25 
24 ae ee: ee 24 25 25 25 25 25 
25. \no, 26 20 6 25 ae 26 “35 as pan 
25 27 21 6 25 27 Sa 2 25 25 
26 28 22 7 26 28 28 26 | +26 2 
26 28 23 7 26 28 28 26 26 2 
27 29 24 7 27 29 29 26 26 2 
27 29 25 7 27 29 29 26 26 2 
ed 26 8 28 30 30 26 Nabe7- 27 
28 30 pags 8 28 30 30 ~) 496 27 27 
a) 31 287 8 ap. lebi 81 ig | a8 27 “427 
29 «| 88 ie pe eee 29 682 32 26 =o ht ——) pene 
“30 33 290C*«S;Cs 8 Bias. 33 24-37. 28 yee 
30 33 29 8 30 688 aes i 28 28 | 
31 34 30 8 31 34 27 .28 28 | 
31 35 31 8 81 35 27 28 2 
32 36 "82 9 32 36 27 +29 39] 
32 36 32 9 32 -36 27 29 29 
33 37 33 9 33 anaes 7 -28 29 29 «| 
| a ae To 33 old ad 33 ely iy van Lael aleents. dia lla: Toke (Ee 
“34 38 ister! 9 poh a 38 28 80 - 30 OE 
34 38 BAdiiw| ado 2 | “84 -] 388 ; a | ame Gee ‘ 30. 8 
35 39 35 9 35 39 28 -30 30 
385 39 35 9 BD 39 eat CRETE 30 
36 40 36 10 36 28 sicos}"” 21 f 
36 40 wy 10 36 Sgo7) Merb G1il | 314 
37 41 37 10 -37 29 ‘31 a 31 | 
37 41 bak 87 10 37 sa 29 818) 81 | 
38 42 38 10 38 29 oe eg 32 
Pe a Pe eee eae ae 10 38 29 | 82 B82 | 
39 43 39 10 39 i oot ‘82. 8] -82 | 
39 43 39 10 +89 .nainyeol a ; 29 e_eee82ed2 B 82 | 
-40 “44 40 1 -40 30 33 8 33. 
40 44 At Gotan pda el oa 40° oO Pee || 88 
at 45 igi way 11 41 eeecly (ze ~~ .30 33. y| 38 V 


For notes see page 119 
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SHORT SUPERSTRUCTURES 


TABLE 21 
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SIDE PLATING 


WIDTH OF STRINGER 
AND TIE PLATES WITH 


THICKNESS OF STRINGER 
AND TIE PLATES WITH 


MINIMUM THICKNESS OF UNSHEATHED 


asi 8 WOOD DECK WOOD DECK hit al 
pe , ge | 

POOP eceetr ae STRINGER TIE PLATE POOP BRIDGE FORECASTLE POOP | BRIDGE FORECASTLE 

fs 1 res 3 4 = 6 7 | 8 9 | 10 il 

Feet Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches 
510 -41 “45 41 11 “41 “30 33 =A 33 A 

bao. -—-}— as)" rag 42 ll 42 -30 “84 | 34 

; “630° 42 “46 42 ll ar -30 “34 | “34 
— 540 | 48 | 47 4) lene 43 31 BA U/l nate | 
550 re er ay ll “43 31 34.8 E 
~ 560 44 48 ee Pe 44 | 31 35° =8 5 
~~ 570. 7 . | 48 44 12 2 saa > i ae 31 350 z 
580i”: 49 45 12 45 ii 81 35 «8 8 
| sooo! woe |) eas a [OCB > OLS - y 31 3 8 : 
~ 600_ 46 +50 male ie 1 (464. i= 32 364 : 
610 46 50 46 12 46 32 368 Bi 

620 47 51 47 12 ri : +32 36 | -36 

630 47 51 AT 12 47 | : 32 36 =«|| 36 
- 640_ 48 | «52 48 J 48 | 32 a7 | 87 | 
650 48 Ct«d|:Csi«C SD 48 12 48 32 137 wi. B87 1 


NOTES.—TABLE 21 


1. Sheathed decks.—Where plated decks are sheathed 
with wood or approved composition the thickness given in 
cols. 9, 10 and 11 may be reduced by 10 per cent. 


2. Allowance for height of platform—lIf the 
draught desired is not greater than ‘7D (D being measured 
to the uppermost continuous deck) all thicknesses given in 
the Table may be reduced by 10 per cent. 


8. Stringer angles.——Angles connecting the deck 
to shell plating are to have the same thickness as required 
for plated decks, cols. 9, 10 and 11. 
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TABLE DD 


END BULKHEADS OF SUPERSTRUCTURES 
Stiffeners spaced 30 inches apart 
BULKHEADS OF POOPS PARTIALLY PROTECTED 


OR LESS IN LENGTH THAN -4L AND NOT 
PROTECTING MACHINERY OPENINGS 


BULKHEADS AT THE FORE END OF BRIDGES, 
OF UNPROTECTED POOPS THE LENGTH OF 


WHICH IS -4L OR MORE AND OF ALL POOPS 
PROTECTING MACHINERY OPENINGS ane RIVETS IN END LUGS 
L ANGLE STIFFENERS |____ z PLATING 
sameannk RIVETS IN END LUGS PG Bite) Betas 
ti tate PLATING fet |g nti Tasker | Inches 
Number Diameter Under 150 8 x 24 x-30 9 5 2, 
1:00 = bd = 
Feet are eat Pete Inches Inches 150 35 ery “32 2 “24 
54x38 x °B4 : = : 
Under 160 5°60 3 g 30 200 4 x se 34 2 § “26 
. " 4X8 x *46 we ; 
160 6 x a 35 3 5 30 250 “fi 250 2 3 29 
£: : 300 5 x 3 x ‘38 3 5 39 
6x 3x “45 ; a : 
5 ;  ARSCog asears 
200 8°35 5 8 ne 350 ‘aac @ 3 5 35 
; S ae 61x 8 x “48 q F 
240 7 rae 37 4 5 33 400 5:20 $ ; 3 88 
4 ne = 7 x 84 x"40 Pi 
980 7x 8 x +48 P = PF beset ens = = : : me 
12°05 i.¢ 500 CAI 4 i "38 
; es 7 x 84x50 ais, 
Ate Bot as _ : BULKHEADS AT AFTER ENDS OF BRIDGES AND 
; LENGTH 
400 9 ates a} 5 3 44 L ANGLE STIFFENERS PLATING 
: eg Inch 
440 ‘ — ¥ 5 3 “44 te Medududt Roches ihe 
Under 150 24 x 24 x +26 20 
Z = ‘60 
10 x 34 x42 ; 
480 24-80 5 3 44 150 bie 9 “ax 28 -20 
ats i aoe q ~ Shx8 x 30 — aly Fs 
520 10 Fs J 53 6 $ “44 250 1°30 za 
= 28 Sl ih eee Te ae 850 4x 3 x °32 28 
11 x 8hx-45 : ; —_—— i ee Boas 
560 31°95 6 $ 44 400 4x3 x ‘40 30 
and above 2°20 | 


Stiffeners to overlap, and be riveted to boundary angles 
Section moduli above are given to nearest *05 


NOTES.—TABLE 22 © 


1. Correction for spacing of stiffeners—tIf the 
spacing of stiffeners differs from 30 inches, modulus of 
stiffeners is to be modified in direct proportion. 

If the spacing of the stiffeners is greater than 30 inches, 
the thickness of plating is to be increased at the rate of -01 
inch for every 2 inches increase in spacing. 


2. Allowance for height of platform.—When the 
draught d does not exceed -7D, D being measured to the 
uppermost continuous deck, the scantlings given in the Table 
may be modified as follows :— 


THICKNESS OF PLATING. 
Where L = 200 feet or less, thickness may be 90 per 
cent of Table thickness. 
Where L = 400 feet or above, thickness may be 85 per 
cent of Table thickness. 
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MopvuLvus OF STIFFENERS. 
Where L = 200 feet or less, modulus may be 75 per 
cent of Table modulus. 


Where L = 400 feet or above, modulus may be 70 per 
cent of Table modulus. 


For intermediate lengths the percentage may be 
obtained by interpolation. 


3. Bulkheads at the fore ends of bridges which do not 
cover deck openings are to have plating as required by the 
Table, but the modulus of the stiffeners may be reduced 
by 10 per cent. 


4. Particulars of sections and moduli are given in 
Table 56. 


TABLE 23 


(SEE CONTINUATION) 


DECKHOUSES 


LOWER TIER 


Stiffeners spaced 30 inches apart 


| CORRECTION PER FOOT 
LENGTH FRONTS SIDES DIFFERENCE IN DRAUGHT 
| (See NOTE 1) 
Le. | + : . _—— = - 
STIFFENERS PLATING STIFFENERS PLATING STIFFENERS PLATING 
Feet A e inches Sale Inches | A ee Inches | Inches Per cent Per cent 
| Modulus—Inches? | | | Modulus—Inches* 
1] 4X 8X 41 26 || 8x 3 x -82 +25 10 6 
eRe | | | 2.25 1-40 
5 X 3 X -85 4 X 8 X -30 
() | 28 26 2 8 
ek 2:95 1-65 s 
—— n —_— > = oon _ I =e ee = 
| 5x8 x -46 3) 4x3 x -36 
400 | 3-80 30 4 | 2-00 28 40 10 
| 6X8 X45 | 5 X 8X -32 
500 | 32 +30 50 11 
| | 5-80 | | 2-65 : 
6 X 3 X -60 54 Xx 8 X -84 
6 | | 84 | 2 32 12 
00 | | 6:95 | 3°46 : a0 
Wel Vv 
Se 
UPPER TIER 


Stiffeners spaced 30 inches apart 
| 


CORRECTION PER FOOT 


LENGTH FRONTS SIDES DIFFERENCE IN DRAUGHT 
(See NOTE 1) 
[Ee aut : : - 
STIFFENERS PLATING STIFFENERS PLATING STIFFENERS | PLATING 
} 
Feet A. Inches Inches A Inches Inches Per cent | Per cent 
| Modulus—Inches* | Modulus—Inches* | : 
200 | 3X 2h x .26 24 | 24 x 2h x -80 23 10 5 
| 85 | -70 
3 X 2h X -32 x 24 x -28 
800 2 3 “24 | 3 2 8 23 15 6 
1-10 90 
— = eee z i é = 4. + - 
iS) 34 X 3X -B2 3X 3 X -36 
400 G | “2 -26 2 24 20 ‘| 
2 1-40 = 1-20 
| 4X 3 X +34 | 34 X 3 X -36 
500 | 28 . 26 25 8 
| | 1-90 | 1-55 
—||}—— I : 
| 4X8 X -46 4X 3 X -36 
600 | | 300 | | 28 30 9 
batt 2-50 | | 2:00 
V | iV 


i ee ey 
For notes see page 123 
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(SEE CONTINUATION) 
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BEAMS WITH PLATED DECK 
Spaced 30 inches apart 


SPAN 
LENGTH 
FEET 
L 10 eas "7 Sci * 
| - ; “INCHES - 
Feet |< Modulus—Inches* —— ——— 
200 | 3 X 2b X +28 P| 8288) Pf 5x88 
“90 2:00 |m 3-50 
! us =_ | ise 4 
| | | | | & 
300 | 35 X3X-32 ||| 5x3x-30/ 4] 6X8X-34 
| 1-35 | 255 | | 4-10 
acs | ee es Sand ok 8 Sarma VM a 
A} 4x8 x82 | 5X3 X-37 | 5X3 X-40 
400 (|5 o ‘ 
Z 1-75 Z| 810° 4" | SIs 
<4 < | mn 
sea SS ee ee ———| 4 |—___ 
500 | 44x38x-30 | 5X3X-44/2 | 5x8 xX-45 
2-05 365 |5| 565 
ee Bea 
|B 
600 4k X38 X-38 6X3X-36) 6X3x-30 
| 2-60 | 4-30 | | 6-25 
Vv Vv iV 
DECK PLATING 
ABOVE DECKHOUSES 
LENGTH AREA OF DECK ABOVE LONG yeas dda Sap hg 
HOUSES — PERCENTAGE OF See NOTE 
L AREA OF STRENGTH DECK ~ pee — 9) 
ASSUMING TWO DECKS FITTED | pwgypaTHED SHEATHED 
1 2 ‘Hele Sa ee 
3 Feet ‘F Per cent " Tones ) Inches : 
200 60 24 +20 
300 50 “25 22 
| 
400 40 “26 | 28 
500 35 28 24 
550 30 “30 25 


For notes see page 123 
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TABLE 23.—NOTES 


1. Draught.—The Table is directly applicable when 
the ratio d/D = -70, D being measured to the deck upon 
which the lowest tier of deckhouses is situated. 


If the draught is pe hag than that corresponding to 


the above ratio the modulus of the stiffeners and the 
thickness of the plating of the deckhouse fronts and sides 


increased 
reduced 
subject to a maximum increase of 100 per cent and a maxi- 


are to be by the percentages given in this Table, 


mum reduction of 20 per cent in modulus and subject to 
a maximum reduction of 10 per cent in the thickness of 
the plating. 

2. Spacing of stiffeners—If the spacing of the 
stiffeners differs from 30 inches, the modulus of the 
stiffeners is to be modified in direct proportion. The 
thickness of the plating is to be increased at the rate of 
-Ol inch for every 3 inches increase in spacing. 

3. Single tier deckhouses.—For deckhouses not 
having an upper tier of houses the modulus of stiffeners of 
the sides and aft end may, after correction for draught, 
be reduced by 15 per cent except where d/D exceeds °70. 


4. Breadth of deckhouse fronts.——The Table is 
directly applicable, subject to the above corrections, to 
deckhouse fronts which are -75B or more in breadth. 

When the breadth of a partially protected house front 
is -25B or less, the scantlings may be as required for sides; 
when the breadth is intermediate between these limits the 
scantlings may be obtained by interpolation. 


5. Flush deck ships, and those with forecastles, 
or forecastles and poops, having minimum freeboards.— 
The modulus of stiffeners at the fronts of houses in 
these ships is, after correction, to be increased by 100 per 
cent, and two webs are to be arranged. 

The corrected thickness of the front plating is to be 
increased 5 per cent. 

6. After ends of houses.—The modulus of the 
stiffeners is to be 70 per cent of that of the side stiffeners 
and the thickness of the plating is to be 90 per cent of that 
of the side plating based on 30 inch spacing. Unprotected 
deckhouses at after ends of ships will be specially considered. 

7. End connections of stiffeners.—Stiffeners at fronts 


of deckhouses are to be lugged except at the upper tier 
when L is less than 500 ft. Stiffeners at sides of lower 


tier are to be bracketed if there are two tiers, and lugged 
if there is only one tier; those at upper tiers are to be 
lugged when L exceeds 500 ft. Stiffeners at aft ends of 
deckhouses may be unattached. If stiffeners are welded to 
the deck, brackets may be omitted, provided the section 
modulus of the stiffeners is increased by 20 per cent. 


8. Beams.—The Table is directly applicable to the 
beams of a lower deckhouse having superimposed houses. 
If there are no superimposed houses the modulus of the beam 
may be reduced by 20 per cent. 

The modulus of the beams of the upper tier may be 
20 per cent less than required by the Table and if there is 
a third tier the beams of that tier may be 40 per cent less 
than required by the Table. 

If the beam spacing differs from 30 inches the modulus 
of the beams is to be modified in direct proportion. 


9. Deck plating above houses.—Where the length of 
a deckhouse exceeds *15L, deck plating of the sectional area 
derived from the Table is to be fitted at the top of the house. 

The two decks referred to in col. 2 are the decks of 
the main hull as used in Table 18. 

If there are two tiers of houses the sectional area of 
the top of each may be 80 per cent of the area derived 
from the Table, or alternatively the top of the upper tier 
may be 75 per cent, and of the lower tier 100 per cent of 
that area. 

The minimum thicknesses of plating given in cols. 3 
and 4 apply to decks outside deckhouses and outside line of 
openings; within the line of openings the thicknesses may 
be reduced by 10 per cent. Inside deckhouses the thick- 
nesses may be reduced by a further 10 per cent. 

The thickness of unsheathed plating (col. 3) is to be 
increased by -01 inch for each 3 inch increase of spacing 
above 36 inches. 


10. Where the height of deckhouses exceeds 9 feet the 
scantlings will be specially considered. 


11. Exposed machinery casings.—-The thickness of 
the plating and the modulus of the stiffeners are to be 20 per 
cent greater than those for deckhouses in the same position. 


12. Particulars of sections and moduli are given in 
Table 56. 
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TABLE 24 


1. Application to various decks——(a) The modulus 
given in the Table applies to weather deck beams in ships 
having a ratio of d/D not exceeding 7 (D being measured 
to the uppermost continuous deck) with the exception of the 


following :— 
(1) Single deck ships ~ - - (see (d)) 
(2) Short bridges and poops - - (see (f)) 
(3) Forecastle decks - ~ - (see (g)) 
(4) The forward -12L of weather decks (see (g)) 


(b) When d/D is ‘85 or greater the modulus for 
weather deck beams (except as qualified by (d) to (g)) 
is to be the Table modulus multiplied by the factor K 
given in the third column. 
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BEAMS 
UNSUPPORTED SPAN 
CORRECTION 
BREADTH BEAM |  wacror e FEST 2; uted _ 
SPACING | 
B K 6 | 8 ae Bee 14 16 
| 
Feet Inches —— Oe i - PAL ils Kee 2 rr 
sed S iso AL8 EBRD | 3 x 2bx-38 BbxB x 34 | 3hx3x-39 | ct 
TEL et. 1-25 dese" 1-70 
pee ang ; ir meeaaal 3 ee 34x38 X -82 34x8X-37 | 8hx8 x -44 4X3 X42 |= 
. 1-40 £60 1-90 2:30 | 
a a ri | 34X38 X-32 | 34x38 x -38 35x38 X -44 4X3X-39 | 4x8x-48 5X 3x3 
By wwd-$010 cnn 205. |, 1-90 215 2-65 3-10 
z 4X3 xX -38 4xX3xX-44 | 5xX8X-32 | 5X3X-41 | 6XBXG 
i rodjyayt BIG | een 2-70 3-40 4:00 
5X 8X -34 5X3 x -39 5X3 X-44 6 X 3X -37 5bx8 X 
| meal aes whe OS 285 3-25 3-65 4-40 5-40 
Ob. 6X 3X 38 5X3 xX -39 5aX3 X 36 6X 8x 
v 4:55 5-05 680° | et0 
N BhX3 X +38 6 X 34x-34 6 X 3hx-41 6 X BhXxe4 
| | telten old Dg. bysesna 6-85 7-80 | 8-80 
|r| 6x 8hx-41 | 6xXBEX48 | 7x BEB | 7 x BhxA 
| +, Oe 780 | 880 _phgtigo.k 10-95 
| 7x Bhx-41 | 7x 84x-47 a 
i } 10-80 11-85 13-05 
| 7x Bhx-51 | 8x 84x38) | 8 x BEX 
8 i‘ sash hOEs 3o| sen Fdr85 15:05 
5 8 X 34x-41 8 X 34x-46 8 Xx 34x52 
b 14-60 15-75 17-15 
|5| 8 X 34x-48 8 X 84x58 | 9 x BAX 
a4 aly |_.16¢20 |. _17-40 |__ 18-90 
| 8x ahxds | 9x BhxdO | 9x Bhd 
| a = 17-40 18-90 20-50 
Dsroegrten Pema 3 Reese eer ae 
| # 18-20 19-90 21-60 
Lids | 9X Bhx-41 | 9x Bhx-47 | Gx bX 
\ 19-15 20-80 22-70 
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NOTES.—TABLE 24 


(c) When d/D lies between -7 and 85 the correction 
factor is to be found by interpolation between 1:0 for d/D = 
‘7 and the Table factor K for d/D = °85. 

(d) Single deck ships. The modulus is to be 
obtained in accordance with the above notes and increased 
by 20 per cent. 

(e) Bridges forming an effective superstructure as 
defined in D 206. The modulus is to be taken directly from 
the Table without the use of the factor K. 

(f) Short bridges and poops. The modulus taken 
directly from the Table without the use of the factor K may 
be reduced by 30 per cent. 

(g) Forecastles and weather decks. For the forward 
‘O75L the Table Modulus is to be multiplied by the factor 
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ATHER DECKS 


UNSUPPORTED SPAN 


| CORRECTION | 
pee | FACTOR | si emere BREADTH 
SPACING 
| 
18 20 22 24 26 | K B 
| 
— SS Inches Feet 
A 
|| 1-20 aT onl 24 
F | 
|S |—— ——— pS 
Z, | 
j 1-20 23 32 
pee 41 | 1-20 24 36 
4:90 Vv 
S| ss 
54X8 X +41 6 x 8x -40 4 neh $5 40 
6-40 7-65 | = | ee a: 
aaa, eS ink 7 _ lil | 
6x3X-44 7X 3X -35 7X 8 x 46 | 36 44 
8:20 9-80 11:65 | | |] | ees tales 
7 37 7 xX 34 xX 84x-+37 3 X 34xX-46 | 
7x 84x 37 7 X 35X-46 8 34 37 8 bill 46 | 1-20 | 97 48 
10-15 11-65 13-65 15-75 | 
Rare Lasts Tor ay oky: aly. tau Se 
7x Bbx+49 8 X 3hx-38 8 X 34X46 8 X Bbx-55 9X BEX-45 | | 1-20 28 52 
12°25 13-85 15-75 17°85 20-20 | 
gx glx. 8 x Bly.47 31x .56 9 X 85X-45 9 X 34x-58 
8X B4x-40 8 X 84X47 faye 3Bx 56 35X-45 33 5 | — - 56 
14:35 16-00 18-05 20-20 22-45 Ey : fs : 
3x BbX-4 x 34x56 2 | 9 X BEX-4H 9 x 84x-54 10 X 8hxX-44 | 
8X 34x-49 8 X 34X-56 9 X 84x-45 9 X 3B4X-5 Bh z nia 90 60 
16-45 18-05 20-20 22-70 25-45 |S 
x 3bx-2 9X3hX45 9X 3Bbxd 10 x 34x-438 10 x 8hx-52 8 
9 3b 39 9 X 34x45 ) X BbX-54 33% aX-b2 [6 fos 31 64 
18-65 20-20 22-70 25:15 28-10 
9X 3hx- 9 X 34xX-Ds x 34x-42 10 x 3$x-51 | 
3 46 35X-538 10 X 35x-4 bx | ohh = | 68 
20-50 22-45 24-80 27-75 — 31-00 in | s 
9x 8bx-52 x 3hx ) x 34x-49 10 X 34x-58 11 X 3$x-48 [ 
Bbx+5 10 3 41 10 X 35X-4 3X5 2X 1-00 33 72 
22-20 24-50 27-10 30-10 33-05 | he 3 
9X 84X-57 10 X 84X45 ) x 34x-53 11 x 34x-44 11 X 35x-52 || 
5X:57 10 3} 45 10 X 34x-5 , BX-5 en - "6 
23-60 25-80 28-45 81°55 34-55 | 7 : — 
10 x 84x 0x 34x ) X 34x-57 11 X 34x-47 11 X 84xX-55 . 
35X41 10 X 35x-48 10 X 35X-57 5X47 5X+55 ee as 80 
24-50 26-80 29-80 32:70 35-80 | y 
| 


NOTES.—TABLE 24 (concluded). 
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12K irrespective of draught. Between -075L and -12L 
from forward, the Table Modulus is to be multiplied by 
the factor K, irrespective of draught. 


2. Span for use in the Table is to be measured in feet 
from girder to girder or from girder to a point midway 
between the toe of the bracket and the inner edge of the 
frame. 


3. Corrections to modulus of beams. 
For BEAM SPACING. 
If the spacing at any point differs from that given in 
the Table the modulus is to be modified in direct proportion. 
For HANGING CARGOES. 


If the beams carry hanging cargo, such as chilled beef, 
the modulus is to be increased by 50 and 100 per cent for 
one or two tiers of quarters, respectively, but need not exceed 


the modulus of beams derived from Table 25 and note 3 to 
that Table. 


FoR BEAMS WITHOUT PLATING. 


Where a plated deck is not fitted the modulus of the 
beam is to be increased by 30 per cent for use in Table 56. 


4. For width of faying flanges see D 3202. 


5. Particulars of sections and moduli are given in 
Table 56. 


6. Timber Deck Cargoes. Where timber load lines 
are to be assigned the Table Modulus is to be multiplied 
by the factor K, irrespective of draught. In single deck 
ships the increase of 20 per cent is to be applied. 
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TaBLE 25 


BEAMS AT CARGO & 


| 


UNSUPPORTED SPAN 


CORRECTION 
BREADTH BEAM Siren: FEET 
B SPACING C | 
| 6 | 8 10 12 14 16 
| 
a a Se 
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22 “50 | | 
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6X 8hx-48 | xX 84x-42 8 X 84x: 
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| — 7 - = 
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| 6 x 84x-50 7 X 84x-49 8 X 84x 
75 
60 i = | | 9-05 12-25 1525 
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| == = 4 
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Section moduli above 


NOTES.—TABLE 25 


1. Application to various decks.—(a) Cargo decks. 
The modulus of the beams is to be determined directly from 
the Table and corrected as required below. 


(6) Accommodation decks. The modulus derived from 
(a) is to be multiplied by the factor C given in the third 
column of the Table. 
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2. Span for use in the Table is to be measured from 
girder to girder or from girder to a point midway between 
the toe of the bracket and the inner edge of the frame. 


3. Corrections to modulus of beams. 
For BEAM SPACING. 
If the spacing at any point differs from the spacing given 
in the Table, modulus is to be modified in direct proportion. 


(COMMODATION DECKS 


TaBLE 25 


UNSUPPORTED SPAN 


CORRECTION 


FEET sien BEAM BREADTH 
C SPACING B 
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"INCHES cxWSE F 
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Ky 50 21 24 
Nn | 
- : 5 ares 
° ‘50 86} | 88 28 
ee al ee 
aa aa ance) iA 
| 50 23 32 
| 
gee X01 | 450 24 36 
9-15 | 
a he a : 
7x8 xX 48 7X8x-56 \y| -50 25 40 
11-165 18-50 | 
1X8 X-58 8X 3X -47 9 x 34x-40 [ BB 26 44 
13-00 15-90 18-90 | 
8X 34x-41 8 X 84x-55 9 x 34x-49 10 x 83x 43 | 60 97 48 
14:60 17-85 21-35 25-15 | 
x 34x. glx. 9 4.55 4x47 eahse: ‘ 
8X 34x-48 9 x B4x-42 9 x 34x-55 10 X 35X-47 10 X 85x-59 1 65 98 52 
16-20 19-40 23-00 26-45 30-45 “ 
- 2 eee ai ale = 
8X 84x-54 9 X 84x-47 10 X 34x-40 10 x 34x-52 11 X 34x-45 12 x 
2 2 pi 4 -70 29 56 
17-60 20-80 24-20 28-10 81-95 a 
s SS n= s : = SS a —— eee 
9X 85x-89 9 X 84x-51 10 x BhX-44 10 x 85x-55 11x 3hx-48 [2 ay 
i 11 io 30 60 
18-65 21-90 25-45 29-15 83-05 
9x 84x44 9 X 34x-56 10 X 34x-48 10 x 8x-59 | 11 X 34 x-52 [ 80 31 64 
19-90 23-80 26-80 30-45 84-55 | 
9X 84x-48 10 x 34x-40 10 x 34x-51 11x 84x-44 | 11. K 84 x-55 | 
Fore e. 11 “85 32 68 
21-05 24-20 27-75 31-55 35-80 
9X 84x-58 10 x 34x44 % 10 x: 4x55 11x38 x47 ee 0 ar x58 ee ae 
ii rf ra a7 | , 90 33 72 
22-45 25-45 29-15 32-70 37-00 | 
9X 3bx-57 10 X 81x-47 10 x bx.58 11 x 3)x-50 7 ix 3hx-61 | | 7 
i me 8 liek : ‘| 90 34 76 
23-60 26-45 30-10 33-80 38-20 | | | 
10 x 3h x42 x shx-5 x 31 a | : oe ee: | ae 
«8 10 32% 51 11x 8hx-58 | 11 x 84x-68 | 6 - 30 
24-80 27-75 81-15 35-00 39-00 | 


given to nearest -05 


Slat 


NOTES.—TABLE 25 (concluded) 


For TWEEN DECK HEIGHT. 
If the ’tween deck height in cargo spaces differs from 8 feet 
6 inches, modulus is to be modified in direct proportion. 


For HANGING CARGOES. 
If the beams carry hanging cargo, such as chilled beef, 
and may be simultaneously loaded above with cargo, 
modulus is to be increased by 30, 60 and 90 per cent for 
one, two and three tiers respectively. For accommodation 


decks these percentages are to be 50, 100 and 150 
respectively. 

For BEAMS WITHOUT PLATING. 
Where a plated deck is not fitted, the modulus of the beam 
is to be increased by 30 per cent for use in Table 56. 

4, For width of faying flanges see D 3202. 

5. Particulars of sections and moduli are given in 
Table 56. 
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LONGITUDINALS AT WEATHER DECKS 


| TABLE 26 


| 
CORRECTION UNSUPPORTED SPAN 
ar SPACING OF |  pacToR A FEET 


LONGITUDINALS | 
| K 6 | 8 


INCHES — 


a 


Inches l< 


A| 5x3 Xx -80 
255° 


5x8 xX-41 
3-40 


ai 


Modulus—Inches* 

5x8x-39 | 
3-25 

5X3xX-41 
3-40 

5X3 X-44 
3-65 

5X3 xX -46 
3-80 

5X 3X -48 
3:95 


6 X 3 X +35 
4:20 


6X8X +42 


6 X 3X -87 
4-40 5:00 


“| 6xX8x-89 | 5x8x-4] 
4-65 ; 5-25 


5-95 


5X3 X +80 5EX3 X +38 
5-15 6-05 


6 xX8X-B5. 


5X3 X34 6X 3X +34 
5:60 6-80 


8-05 


6 X 85X-28 6 X 34x-40 
6-10 7-65 


6x Bhx-B2 | 6X B4x-45- 
6-60 


5:05 
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6 X 3hx-43_ 


—BULB ANGLES~ ——>|<—— —— —— —— —— —anGLEs — 


6 X 84x-86 
7-10 


6X 8hx-50- 


9-05 


10-265 


7X 84x44 


11-30 


6 X 35x-40 
7-65 

6 X 34x-44 
8-20 


7 X 85x-50 


13-45 


6 X B4X-47 7X 84x-46° 
8-65 11-65 


7X 84x50 


920 | 18-45 
7 X 85x-34 
9-65 13-00 


Section moduli above are given to nearest *05 
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8 X 34x-41 
14-60 
8 X 35x-46 


8 X 84X50 


16-70 


7 X 84x-88 


<— — — — — BULB ANGLES— —— —— —- —>|<— — — —ANGLES— — — —>) 


TABLE 26 


(CONCLUDED) 


NOTES.—TABLE 26 


1. Application to various decks—(a) The modulus 
given in the Table applies to weather deck longitudinals, 
outside the line of deck openings, in ships having a ratio of 
d/D not exceeding -7 (D being measured to the uppermost 
continuous deck) with the exception of the following :— 


Short bridges ... ... ... (see (e)) 


(b) When d/D is -85 or greater the modulus for 
weather deck longitudinals (except as qualified by (d) to 
(i)) is to be the Table modulus multiplied by the factor 
K given in the third column. 


(c) When d/D lies between -7 and -85 the correction 
factor is to be found by interpolation between 1:0 for 
d/D=-7 and the Table factor K for d/D=-85. 


(d) Bridges forming an effective superstructure as 
defined in D 206. The modulus is to be taken directly from 
the Table without the use of the factor K. 


(e) Short bridges. The modulus taken directly 
from the Table without the use of the factor K may be 
reduced by 30 per cent. 


(f) Outside the line of openings the modulus derived 
as above is to be maintained for -4L amidships and may 
be gradually reduced to 70 per cent of the midship value 
at -1L from the after end and to 85 per cent at -12L 
from the fore end. 
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(g) Within the line of openings abaft -12L from for- 
ward the modulus may be 70 per cent of that required 
outside the line of openings amidships. 


(h) For the forward -075L of forecastles and weather 
decks, the Table Modulus is to be multiplied by the factor 
1-2K irrespective of draught. Between -075L and -12L 
from forward the Table Modulus is to be multiplied by 
the factor K irrespective of draught. 


2. Span for use in the Table is to be measured from 
transverse to transverse or from transverse to a point 
midway between the toe of the end bracket and the bulkhead. 


3. Corrections to modulus of longitudinals. 
For SPACING OF LONGITUDINALS. 


If the spacing at any point differs from the spacing 
given in the Table, modulus is to be modified in direct 
proportion. 

For HANGING CARGOES. 


If the longitudinals carry hanging cargo, such as 
chilled beef, the modulus is to be increased by 50 and 100 
per cent for one or two tiers of quarters, respectively, but 
need not exceed the modulus of longitudinals derived from 
Table 27 and note 3 to that Table. 


4, For width of faying flanges see D 3202, 


5. Particulars of sections and moduli are given .in 
Table 56, 
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TABLE 27 LONGITUDINALS AT CARGO AND ACCOMMODATION DECKS 


| CORRECTION UNSUPPORTED SPAN 


SPACING OF FACTOR FEET 


LONGITUDINALS 8 


LENGTH 


in INCHES 
__ Modulus—Inches 


5X3 xX -29 
150 2-40 
4X 3X -29 5X3 x 30 
1-60 
4X 3X 32 
1-80 
4x3 xX +35 
1-95 


4X 3X -39_ 


' 


| 54x 8 X-87_ 
5-95 
5X 3 X-41 
6-40 
6X 3X +8 
6-95 
6x8x- 

7:35 
6x3x 
4-40 : 7-90 


| 


1. Application to various decks.—(a) For all cargo decks the modulus of the deck longitudinals is to be determined directly from the 


6 x 35x-40_ 
4:70 


BULB ANGLES —>|<—— - —— - —— -—— . 


6 x 34x-30 
6-35 
6 X 34X-34 


6 X 35x-40 
7:65 

6 x 35x-42 
7-95 


Section moduli above are given to nearest *05 


NOTES.—TABLE 27 — 


Table and corrected as required below. 


(b) Accommodation decks. The modulus derived from (a) is to be multiplied by the factor C given in the third column of the Table. 
2. Span for use in the Table is to be measured from transverse to transverse or from transverse to a point midway between the toe of the 


end bracket and the bulkhead. 

3. Corrections to modulus of longitudinals. 
For SPACING OF LONGITUDINALS. 
If the spacing at any point differs from the spacing given in the Table modulus is to be modified in direct proportion. 
For ’fWEEN DECK HEIGHT. 
If the ’tween deck height in cargo spaces differs from 8 feet 6 inches modulus is to be modified in direct proportion. 
For HANGING CARGOES. 


If the longitudinals carry hanging cargo, such as chilled beef, and may be simultaneously loaded above with cargo, the modulus is 
to be increased by 30, 60 and 90 per cent for one, two and three tiers respectively. For accommodation decks these percentages are 


to be 50, 100 and 150 respectively. 
4. For width of faying flanges see D 3202. 
5, Particulars of sections and moduli are given in Table 56, 
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6 X 34x-36 

a asthe 

6 x 35x-40 
7-65 

6 X 84x-43 
8-10 

6 X 35x-46 
8-50 

6 X 34x-50 
9-05 


9-45 


6 X 34x. 
835 
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TABLE 28 


BEAM KNEES AND END BRACKETS OF DECK LONGITUDINALS 


1. Beam knees. At decks where the hold frames 
terminate, and at the lower deck in the panting region, 
the dimensions of beam knees are to be based on the modulus 
of frame or beam, whichever is greater. At all other decks, 
except as indicated in 5 below, the dimensions are to be 
based on the modulus of the beam. 


Knees are to be flanged when the modulus exceeds 
36 inches® and the width of the flange is not to be less than 


/ modulus . : Aes Pa. 
\ % inches with a minimum of 2 inches. 


The thickness in inches of unflanged knees is not 


/ 
to be less than 0-16 +V on and of flanged knees 


0-08 +- Vv —— with a minimum of -28 inch. 


2. Riveted beam knees 
(a) Rivet diameter, d, is to be based on modulus as 


follows :— 

Modulus—inches* d—inch 
Below 7 3 
7-18 Ree 7 
Above 18 ... ‘ 


(b) The numter of rivets, N, in each overlap is not to 
be less than 1 + 4/ modulus to the nearest whole 
number with a minimum of four. Rivets are not 
to be spaced less than 3} diameters nor more than 7 
diameters apart. 


(c) The minimum length of overlap in inches is given 
by 35d x N. 

The depth of the knee below the bottom of the 

beam is not to be less than the depth of the beam. 


3. Welded beam knees 
(a) The length of overlap on beam or frame in inches is 


not to be less than 3-3 4/modulus — 2-0 with a 
minimum of 6-5 inches. 


Where the modulus does not exceed 36 inches* 
the length of a flanged knee may be 85% of that 
obtained from this formula with a minimum of 
5-5 inches. 


The depth of the knee below the bottom of the 
beam is not to be less than the depth of the beam. 


(b) The area of weld in square inches is not to be less 
than 


1-5 4/modulus — 3°0 when modulus < 21 
and 0-7 4/modulus + 9°7 when modulus > 21 


The area of weld is defined as the product of 
throat thickness and length of weld. The throat 
thickness is not to be less than 70% of the leg 
length for a type 3 weld (see Table 52G). 


4. Longitudinal Framing 


(a) Frame brackets. Where the deck is framed longi- 
tudinally the brackets connecting the side frames to 
the deck clear of transverses are to be in accordance 
with the above requirements based on the modulus 
of the frame, but the horizontal arm of the bracket 
is to be extended to a longitudinal. 
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(b) End brackets of deck longitudinals. Where deck 
longitudinals are cut at transverse bulkheads, the 
minimum sectional area of the bracket at the end 
of the longitudinal, and also the area of weld 
connection, are to be equal to the sectional area of 
the longitudinal. 


_ The depth of the bracket below the longitudinal 
is to be at least equal to the depth of the longitudinal. 


5. Knees used as frame straps 


(a) The number of rivets in the lower frame is to be 
not less than 1 + 4/ modulus - to the nearest whole 


Fi 


number with a minimum of four. (Modulus - is 


the modulus of the lower frame.) 


(b) The number of rivets in the upper frame is not to be 
less than V modulus to the nearest whole 


number with a minimum of three for butted or 
overlapped frames. (Modulus is the modulus 


of the upper frame.) 


(c) Where butts of frames are welded, the total number 
of rivets in the combined frame arm is not to be less 


than 1 + VV modulus, to the nearest whole 


number with not less than two rivets in each of the 
upper and lower frames. 


(d) In no case is the total of the rivets in the upper and 
lower frames to be less than 1 +- V modulus where 


modulus is the modulus of the beam. 


(e) The riveting or welding of the arm to the beam, 
and the overlap on the beam, are to be as required 
by paragraphs (2) or (3) above. The modulus te be 
used is that of the beam or lower frame, whichever 
is greater. 


(f) The welding of the knee to the upper or lower frame 
is to be in accordance with paragraph 3(b) using 
the modulus of the upper or lower frame as appro- 
priate. 


(g) The minimum length of overlap on the lower frame 
in inches is to be 3-5 dN for riveted knees or 


3:3 VV modulus, — 2-0 for welded knees, with a 
minimum of 6-5 inches. 


(hk) For butted or lapped frames the overlap on the 
*tween deck frame is not to be less than 3-5 dN 


for riveted knees or 3-3 V modulus, — 2-0 for 
welded knees, with a minimum of 6-5 inches. 
(i) Where the frames are butted the thickness of beam 


knee, if required to be flanged, is to be increased 
‘08 inch or, where modulus, or modulus , 


(whichever is greater) does not exceed 36 inches®, 
it is to be flanged. 
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TABLE 29 DECK GIRDERS 
(SEE CONTINUATION) , 
DEPTH OF WEB PLATE BELOW DECK AND MINIMUM THICKNESS 
DEPTH OF | Inches Inches Inches Inches Inches Inches Inches | Inches 
END 10 x ‘32 ‘11 x ‘84 12 x ‘84 13 x 34 14 x 34 15 x 86 16 x 36 | 17 xg 
NUMERAL BRACKETS REDUCTION IN FACE AREA (SQUARE INCH) PER ‘1 INCH INCREASE IN WEB THICKNESS. (see also NOTE 4) 
BELOW DECK "80 "30 "35 40 *40 “45 45 50 
FACE AREA 
Inches ji " Square inches | Square inches | " Square inches | Square inches ie ‘Square inches | Square ‘inches | ~ Square inches a 
50 19 8 
£ = = = ae ve —— - ee -)-—— a — 
100 21 2-6 2-1 1:7 
200 24 5-2 4:5 3:9 3+3 2-8 
300 27 7-1 6-2 5:5 4:8 4-2 3-6 3-2 2-7 
400 30 9-9 8-7 7:8 6-9 6-1 5-4 4:8 4:3 
600 33 13°8 12-4 11-1 10-0 9-0 8-2 74 
800 36 17-0 15-4 14:0 12-6 11-6 10:6 | 
1000 38 21-7 19-7 17-9 16-3 15-0 13-8 
1200 40 : 23-9 21-8 20-0 18-5 17-0 
1400 42 ; : 23-7 22-0 20-2 
1600 44. 25-5 23-4 
. 
1800 46 26-6 
2000 — 48 
2200 
2400 | 
2600 | | | 
| - 


For notes see page 135 
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DECK GIRDERS TABLE 29 


(SEE CONTINUATION) 


DEPTH OF WEB PLATE BELOW DECK AND MINIMUM THICKNESS 


inches luches Inches Inches “Inches | Inches" Inches Inches DEPTH OF 
18x36 | 19x88 | 20x38) 21x88 | 22x-38 | 28x-40 | 24x-40 | 25x -40 sip 
7 ‘REDUCTION IN FACE AREA (SQUARE INCH) PER +1 INCH INCREASE IN WEB THICKNESS (see also NOTE 4) BRACKETS NOMERAL 
50 55 60 60 65 65 2—O| #70 70 BELOW DECK 
7 : PAGE AREA - . 
Square inches Square inches Square inches Square inches | Square inches "Square inches ~ "Square inches | Square inches r Inches an 
| } 19 50 
| 21 100 
| 24 200 
28 | | | 27 300 
| | 
38 88... | 28 2-5 | 30 400 
| ie a i> a 
| 68 6-0 5-4 | 5-0 | 4-5 3-9 3-5 | 3:1 33 600 
9-8 | 8-9 | 8-1 7-5 | 6-9 6-2 5-7 5-2 | 36 800 
a! | =s 2s | = : 
ws | 117 0s he S0t.ye |) oa 8-6 7-9 74 38 1000 
— | ——— — 2 rs a ss = 
| | | | | 
15-8 14-6 13-5 126 | 118 10-9 10-1 95 | 40 1200 
| | a. _— 
18:8 17-4 16-2 | 15-2 14-2 13-2 12-3 11°6 42 1400 
| | | | 
A | = | | | —_ 
21-9 | 20°3 19-0 17-7 16-7 15-5 | 14-6 13-8 44 1600 
24-9 23-2 21-7 20:3 19-1 | 17:9 | 16-8 15-9 | 46 1800 
| | | 
in | | 
27-9 26-1 | 24-4 22-9 21:5 20-3 19-1 18-1 48 2000 
| | zs. 
| | 92%1 |. 255 | 989, | . 996 218 | 202 | | 2200 
| | | 
26-3 24-9 23-6 22-3 | 2400 
| | | | 24-4 2600 
= | | | | | 


For notes see page 135 
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TABLE 29 


(SEE CONTINUATION) 


NUMERAL 


50 


100 


200 


300 


400 


600 


800 


1000 


1200 


1400 


1600 


1800 


2000 


2200 


2400 


2600 


2800 


3000 


DEPTH OF 
END 
BRACKETS 
BELOW DECK 


Inches 


19 


bo 
~1 


30 


33 


36 


38 


40 


44 


46 


48 
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| 
| 
| 
| 


Inches 


: | ~ Inches 


(26x40 27x42 28x42 29x-42 30x 


DECK GIRDERS 


DEPTH OF WEB PLATE BELOW DECK AND MINIMUM THICKNESS 


Inches 


~ Inches 


Inches 


Inches 


‘42 81x'44 | 32x -44 


Inches i 


75 


Sq. ins. 


10-9 
13-0 


15-0 


19-2 


tw 
—_ 
bo 


Inches 


Inches 


Inches _ 


(83x44) 84x-44 85x46 36 x-46 


Inches 


REDUCTION IN FACE AREA (SQUARE INCH) PER ‘1 INCH INCREASE IN WEB THICKNESS (see also NOTE 4) 


} 80 | 


| Sq. ins. | 


| #G-1 


Oke 


10-1 


12-1 


14-0 


16-0 


18-0 


20-0 


24-0 


“80 | “85 
Sq. ins. ; Sq. ins. 
| 
| 
| 
38 | 3-8 
| 
5-6 5-2 
7:6 7-0 
95 | 88 
11-4 10-6 
13°3 12-5 
15-2 14:3 
ee Se 
17-1 16-2 
19-0 18-0 
20-9 19-9 
22-9 21-8 
24-8 23-6 


85 


Sq. ins. 


6-5 


8-3 


10-1 


13-6 


15-4 


18-9 


20-7 


90 


Sq. ins. 


4-1 


_ 
bo 
“1 


14-4 
16-1 
17-9 
19-6 


21-3 


For notes see page 135 
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FACE AREA 


“90 


Sq. ins. 


Se4 


10-4 


13-7 


15-4 


17-0 


18-7 


20-4 


95 


Sq. ins, 


3:3 


4-9 


6-5 


9-8 


13-0 


14-6 


16-2 


19-5 


95 


Sq. ins. 


4-5 


6-0 


10-7 


13-9 


17-0 


18-6 


1:00 


Sq. ins. 


3-9 


5-4 


6-9 


8-4 


9-9 


11-5 


13-0 


16-1 


1:00 


Sq. ins. 


3-4 


4-9 


6-4 


9-3 


10-8 


12-3 


13-8 


16-7 


TABLE 29 


(CONCLUDED) 


NOTES.—TABLE 29 


1, Longitudinal girders 
The numeral for use in the Table is given by : 
hxbxh 
100 
where ] = the span of the girder, in feet, from pillar to 
pillar, or from pillar to bulkhead less half the 
distance between the toe of the end bracket and 
the bulkhead. 


b = the mean width of deck, in feet, supported by 
the girder. 


h is to be measured as follows : 

(a) For decks on which cargo is carried h is the mean 
height in feet from top of beam to top of beam of the ’tween 
decks next above the girder. 

(6) For decks under accommodation spaces h is 4 feet. 
(See also note 1 (e).) 

(c) For weather decks, except in the forward -12H, h is 
4 feet if the draught does not exceed -7D and 5 feet if the 
draught is -85D or greater, with intermediate values in 
proportion, D being measured to the uppermost continuous 
deck. (See also note 1 (e).) 

(d) Weather decks. For the forward -075L h is to 
Between ‘O75L and 
‘12L from forward, h is to be 5 feet, irrespective of draught. 

(e) For decks above the uppermost continuous deck 
h, as given in (b) and (c), may be successively reduced 
by one foot for each deck to a minimum of 1°5 feet. 

(f) Where decks support a hanging cargo, such as 
chilled meat, in addition to deck loads, the value of h is to 
be increased by 2-5 feet for one tier, 5 feet for two tiers 
and 7-5 feet for three tiers of quarters. 


be 6 feet, irrespective of draught. 


2. Strong hatch side coamings and end beams in 
*tween decks 


(a) SIDE COAMINGS. 
The numeral for use in the Table is given by : 
(5 ES LS soe 
; [O00 
where | = the length of the hatchway in feet. 
b =the mean breadth in feet of deck, including 
hatchway, supported by the coaming. 
h = the mean height in feet of ’tween decks as in 
note 1. 


(6) HatcH END BEAMS, 

For strong hatch end beams which are supported at 
the centre line and carry the hatch side coamings only, the 
aumeral for use in the Table is given by : 


mB yl xbxh 
100 
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where B = the span of the hatch end beam, in feet, measured 
from the centre line to the ship’s side less half the 
distance between the toe of the bracket and the 
ship’s side. 
1, b and h are measured as in note 2 (a). 

Where the hatch end beam supports the hatch side 
coaming and, in addition, an adjacent longitudinal girder 
in line, the numeral is given by : 

wp(rxbxbh, bxbxh 
100 100 
where |,, b,, and h are measured as in note 2 (a) and 
l, and b, are measured as in note 1. 


(c) The depth of strong hatch end beams derived from 
the Table is to be maintained for the full breadth of the ship. 


(d) Strong hatch side coamings and end beams 
supporting deck longitudinals in association with transverses 
will be specially considered. 


3. Transverses supporting deck longitudinals 
The numeral for use in the Table is given by : 
ase bees hh 
100 
where | = the span, in feet, of the transverse measured from 
pillar to pillar or from pillar to ship’s side less 
half the distance between the toe of the bracket and 
the ship’s side. 
b is the length of deck in feet supported by the 
transverses. 
h is measured as in note 1. 


In single deck ships the depth of the transverses is to 
be increased by 15 per cent. 


4. The sectional area of girder flanges derived from 
the Table may take the form of rolled sections, or flanged 
girder plates, with rider plates where necessary, the depth of 
the girder being measured to the bottom of the web. Where 
the depth of beam or longitudinal notches exceeds 50 per 
cent of the depth of the girder or 12 inches, whichever is 
less, the face area is to be suitably increased. The width of 
the flange is not to exceed the depth of the girder. 


5. For end connections and constructional details see 
D 1505 to D 1515. For spacing of girders and transverses 
in the forward ‘O75L see D 1501. 


6. Timber Deck Cargoes. Where timber load lines 
are to be assigned, h in the foregoing formule for weather 
decks is to be taken at 5 ft. where the beam B does not 
exceed 50 ft., and 6 ft. where the beam is 60 ft. or over, 
with intermediate values in proportion. In single deck 
ships the depth of the transverses supporting deck longi- 
tudinals (note 3) is to be increased by 30 per cent. 
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TABLE BO 


DECK RUNNERS 


SS 
| 


| 
SINGLE ANGLE OR 


NUMERAL DOUBLE ANGLES 
| | BULB ANGLE 
a Inches iia 
5 3 x 24x-26 f 34X38 X -36 
; es Sail 
| nm 
10 34X3 X -30 5X38xX-31 
poe 3! |e " 
| 
15 4X3 -32 | 5x38 X -44 
: aoe = Vale c = 
A 
20 4X8 X -40 | 5X3 -82 
: - 1 ‘ rit eee 72:8 
1 | 
25 4X3 xX -45 || 5 X38 X -40 
| | 
30 5 xX 3X -36 | 5$xX3 X -34 
35 5 X 3 Xx -40 a 6 X 3 X +32 
= 
z = PE ok 2, - 
Q 
40 5 X 3 X -46 B | 6 X 3 X -38 
=. ’ 2 — | | | — 
45 6X3 X +36 | 6X3 xX -+48 
aio - | DAE, Seee Bees A 
50 6X3xX-40 | 7X3 xX +86 
| | = 
| | 
55 6X3 xX -44 [| 7X3 x -40 


NOTES.—TABLE 30 
1. The numeral is to be determined in accordance with Table 29, note 1. 


2. The runners are to be fitted with the deep flange vertical. 
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TABLE 31 


(SEE CONTINUATION) 
Nee ee tee TERE CE ae Ee ne ee 


LENGTH AND FORM OF PILLAR 


PILLARS 


Feet Feet 
of 8 12 
eee CM emcee reroll SOLID LOS Wa atten anh mal SOLID 
corse ‘iia 808 DIAMETER | RIVETS IN ENDS _oussiDE CHANNELS race 3 DIAMETER | RIVETS wa 
Inches Inches Inches | Inches | No. | Inches | Inches Inches Inches | Inches No. a 
4 24x-34 23 | 2 t 34x-34 92 9 1 
6 3hx-32 aes 28 | 2 k rye anime 3} 2 } 
8 4 X +84 ; 23 | 2 3 | 43X-36 ie 33 2 7q 
10 44 x-36 ; : 83. SIP 42 i 5 2 -38 6x 3x8 4-88 agen Cae i Fa ee g 
15 53x-36 6x Ae 3 X+36 eg 34 3 5 6 sa 6x 8 eeu 4} : a 
20 6 x -40 6X 3X 3 X-44 4 3 fy 7X -40 peak: ig ae ; 4 i 1 
so. 8 x -40 7X84X35x-38 4h | 4 1 8hx-42 8x34Xx84X-38 7 5 F 5 q 
40 9 X -44 8X34x3}x-46 ‘ 5 5 1 10 ra swerssyuiie edie 6 “le . 1q 
50 10 x +50 1oxshxeh-50 a 1 54 : 6 | 1 Riscal | oxegecehieto. ¢ 6 ! 
60 me 54 s0xeyteyhbo" : 6 6 1 11 X -56 Resucoyese wont 4a 
Be a el, 5 2 ed . ee | ; 
70 13 X -52 10x35x3hx-44 10X-42 18 X.-54 | 10X84x34x-50 | 11X-46 
85 1D X +54 Seegie es 12x-50 - mi 55 ih cedeaeeeieats Pees 
100 17 X +56 10x8}x8}x-50 12X-60 it 16 X -62 | 12X34x3}x-46 ae i 
120 ae x +60 SET aRE 13X-70 | | ae PARA 13X-74 aa) 
140 18 Xx 66 _ ara lt coals tes recente oeaie, of vie Gy 
160 20 X -66 ‘o ' (22 x -66 : Se Ae ee 
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For notes see page 140 
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TUBULAR 


OUTSIDE 
DIAMETER 


Inches 


4X +36 
5X 36 
5X38 
6X 38 
7X +40 
8x 40 
9X 44 
10x +48 
11x -50 
12 X +55 
lf hss 
1) X 58 
17 X +57 


19 X +64 


20 X-70 


Feet 


16 


DOUBLE CHANNELS AND 


FACE PLATES 


CHANNELS 


Inches 


6X3 X 3 X-44 


6X34 34-36 


7X84X34xX-38 | 


8xX34x3})x-48 


10X34x84x-50 | 


9x34x3hx-46 | 


| 10X34x34x-50 


| 10X8hx35x-56 


1234x34x-46 


| 12X84x34x-50 


FACE 
PLATES 


Inches 


10X40 | 


11X-46 | 


12X-52 


13X-60 


13X-70 | 


"Inches 


3t 


DIAMETER | 


PILLARS 


LENGTH AND FORM OF PILLAR 


SOLID 


RIVETS 1N ENDS 


No. 


2 


bo 


TABLE 31 


(SEE CONTINUATION) 


: 


| Feet 
| 20 | 
TARA DOUBLE CHANNELS AND angi | NUMERAL 
FACE PLATES 
| OUTSIDE FACE 4 
| DIAMETER CHANNELS PLATES DIAMETER RIVETS 1N ENDS 
Inches | Inches ~ Inches “Inches | Inches No. | Inches {i Eas 
i 43x-38 3; 3 rl 4 
i | 5bx-86 4 so ie 6 
z | 6x-40 4g- 8 z 8 
| | | 
|—_——— } — = | | ——— SS — — 
z | 6hx-40 | 7X84xBhX-42 ry ee i 10 
— _ HI EE te — ——- — — oe | ee — = 
| 3 8xX-38 8x3$x3}x-38 6 Aah i 15 
dame 84x-42 8X3hxB5x-48 20 
| 3a eS Sot Se a eS ae — — wind 
| 10-44 10X84x3}x-50 30 
| 11x -48  8xX84x3}x-38 | 10x-40 40 
12-52 9X84x8hx-48 | 11-44 50 
13 X-54  10X8}xX8}x-56 | 12-50 60 
| | 14 x +58 10X8$x34xX-56 12-60 | 70 
= _| Sa Seas Bie == == 
| 16X-60 12xX34x3}x-48 | 18X-72 | 85 
| 17 X -66 100 
— +} P = ual zi bs) meas Or? 
| | 19 x -68 120 
| 22 X -68 140 


For notes see page i40 
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TABLE 31 PILLARS 
(CONCLUDED) 
LENGTH AND FORM OF PILLAR 
Feet ; Feet = 
ee ite 24 ps : is, a = 28 ae JAG 
NOMEBAD | rupuLaR | 9g reyes AND SOLID TUBULAR | Pg as play AND SOLID 
Beigiicae kl CHANNELS Big DIAMETER RIVETS IN ENDS ee ees | CHANNELS Poiana! DIAMETER RIVETS IN ENDS 
| Tnches Inches | Inches | Inches | No. | Inches | Inches | Inches Inches | Inches | No. | Inches 
4 | | 4a 3 ae Fa re we See 
16... an: 44 | 8 | 4 lk BBs a el ll 
ig 80) op xsgeare 8 ft 5b 4 H i kl a ee le Ee irl 
10 74x38 | 8xBhxBbx-46 | eae heey 1 8$x-40 | 9x85XxB4Xx-52 | 
15 shx4o | sxahxabxo0 9x44 | 10xBbxBh>-52 | ah 
20 | 9x-44 | 9xBhxBbx-52 | - - ebpx || 10 x -42 | 10x8hx8}x-60 | | | 
80 | 10x 18 10%x34x3x-60 B ce ee weit don joa? 11 X -48 | 10X35x3X-44 | 10X-42 | lt oe 
__ 40 | 11x -52 9XB4XxBbx-48 | 10X42) | | 2 KX BZ | 10KB$XBHX-50 | 11X-46 otis 
_5O | 13x 52 -10X8$x8$x-48 | 12x-50 | | 14 x 52 | 10% 85xB4x-56 | 12%-56 Tee 
‘ 60 | 14-56 | 10xX8$x84x-56 | 12x60) | - 15 X -DG6 | 12X8$xX8hx-46.| 18x64 | 
70 | 15X58 | 12x8hx85x-46 | 18X-70 | than lay ‘16 X -60 | 12X84x35x-50 | 18x-74 | - e ‘ 
85 | 17x +62 | 12x84x8hx-46 | 18K-74 | aie 18 x -62 [iad ‘ wal } XE. J 
| tee er, ae er 19 x -66 J 
120 | 20 x-70 : 9 j expo 26 Kea x70 eae k 
140 | 28 x-70 witha re ict Ton Ge Seer ray sae 
160 |25x-72 | os ihe: Aaa ent an heden e | = . 
180 | 26 x -80 ier) aaexbuepexpe - a2. were ae. xpexter F 
200 29x80 con ee al ea oa sae nap li aan oom 
220 ll eal ets pert ae i el te Tp bs 6 fost I tae ee 
240 : 
260 
Dn A 


NOTES.—TABLE 31 


1. The numeral for use in the Table is to be 
the sum of the numerals representing the separate loads 
which may be transmitted to the pillar, namely : 


3. Piilars equivalent to those shown in the Tables, of 
riveted or welded construction, will be accepted. 


(a) The numeral in respect of that proportion of the When hollow square pillars are fitted, the thickness is 


deck load, supported by a girder, hatch end beam or deck 
transverse, which is borne by the pillar. 
(b) The numeral of the directly superimposed pillar, 
if any. 
2. The numeral is to be determined by : 
sx b xh 
100 
where s = the distance in feet between the centres of the 
two adjacent spans of girder supported by the pillar. 
b = the mean width of deck, including hatchway if 


necessary, supported by the girders over the 
distances. 


h is to be measured as defined in Table 29, note 1. 
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to be the same as that of the tubular pillar required and the 
side is to be 80 per cent of the diameter of the tubular pillar. 


4, When solid pillars are fitted in pairs to take shifting 
boards, their diameter is to be 75 per cent of that required 
by the Table. 


5. For end connections and constructional details see 
D 1516 to D 1524. 


6, Timber Deck Cargoes. Where timber load lines 
are to be assigned, h is to be measured as defined in Table 
29, note 6. 


TABLE B32 


BULKHEAD PLATING 


Stiffeners spaced 30 


inches 


apart on watertight 


bulkheads and 24 inches apart on collision, deep tank, 
peak tank and oil fuel bunker bulkheads 


DEPTH 


THICKNESS DEPTH THICKNESS 
(See NOTE 1) __ (See NOTE 1) 
Feet Inches Feet Inches 
8 “26 36 “40 
12 28 


40 (42 


NOTES.—TABLE 382 


1. Depth is to be measured as follows :— 

(a) For watertight bulkheads (D 16). From the 
lower edge of the plate to the top of the bulkhead 
at the centre line. 

(b) For bulkheads of tanks (D 19 and D 20). From 
the lower edge of the plate to the top of the tank 
or to a point midway between the half-depth of 
the tank and the top of the overflow, whichever 
distance is greater. 


2. Correction for spacing of stiffeners. Where the 
spacing of stiffeners differs from that given in the 
Table the thickness of the plating is to be modified 
at the rate of 2 per cent for every inch of difference 
except that where the spacing on tank or oil bunker 
bulkheads exceeds 24 inches the thickness is to 
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be increased at the rate of 3 per cent per inch 
difference of spacing. 


3. Additions to thickness, as corrected by note 2, 
are to be made as follows :— 


(a) To the lowest strake of hold and tank 
bulkheads ‘ -04 inch. 


(b) To the lowest strake of stokehold bulkheads in 
coal burning ships ... -10 inch. 


(c) Plates in limbers and at the bottom of peak 
bulkheads Sie hages 20% “10 inch. 

(d) In way of the stern tube, plating to be increased 
substantially or doubled. 


4, The plating of deep tank, peak tank and oil fuel 
bunker bulkheads in ships exceeding 150 feet in length is 
not to be less than -30 inch after correction. 
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TABLE 33 


(SEE CONTINUATION) 


LENGTH 
OF 
STIFFENER 


Chap. D, Table 33 


. oa os 
2 4 6 
INCHES, 
Xo gt oe ee Lee es BESS ~~ Modulus—Inches” 
4X3 X -38 4X3 X -43 5X 3X -32 
2-10 285 | 2970 
5 xX 3 X -32 5 X 3 X -36 5X3 xX -44 
2:70 38:00 865 ; 
5 xX 3 X -42 6X 3X -34 6 X 3 X -38 
3-50 4-10 4-56 
6 X 3 X +36 55X38 X +34 54X38 X +38 
- 4:30 B20:605 — 605 
54x38 X-36 | 6X3 xX -35 6 X 3 X +38 
geet Pee ee SBT 
6X 3 X -36 6X 3X +45 6X 3x -48 
J10- 8:35 pb Te 
6 X 3X -45 7X 3X -37 7X 3x -40 
8-35 40-10 __—:10-60 
7X 8X +87 7X8xX48 | 7X8X-51 
10-10 12-05 12-60 
7X 3X -48 8X 3 X -39 8X 3X -42 
12:05 - 14-10 14-75 
ts: | Seve | 
8x3x-39 | 8xX3x-49 | 8 xX 3 Xx +52 
14-10 16-35 17-10 
8.x 3X 49 9x 3hx-41 9X 3hx-44 
16-35 19:1 pe 19-90 - 
9X BEX-41 | 9X BhX-45 9 x 8bx-52 
19-15 | 20-20 2220 
9x 3hx-51 | 10x 3§x-41 10 X 3}X-53 
2190 | 4-50 28-45 
10 X 34x-41 10 x 3}x-50 
24-50 27-40 80-90 
10 x 3$x-50 11 X 3}X-51 
240 30-90 3420 
11 X 35X-51 11 X 3}x-60 
30-90 34-20 37-80 
11 X 3}x-51 11 X 3}x-60 12 X 3}x-51 
84:20 0 37-80 41-65 
11 X 34x-60 12 X 3$xX°-51 12 X 3}x-58 
37-80 41-65 44-95 
12 X 3$X-51 12 X 34x-58 12x4x4x -54 
41-66 44-95 48-60 
12 X 34x-54 12x4x 4x -50 
43-05 47-00 54-50 


4X 3X -30 
1-65 
4X3 x -40 
2°20 
5X 3X +34 
2-85 
5X 3 X +44 
3-65 


55X38 X +37 
b95 
6 X 3 X +86 
7-10 
6 X 3 X +45 
Pelee 
7X 3X -37 
10-10 
7xX8X-48 
12:05 
8 X 3 X +39 
14:10 
8x 8 x -49 
16-35 
9 X 34x-41 
19-15 
9 X 3X-51 
21-90 
10 X 84x-41 
24-50 
10 x 3)x-50 
27-40 


| 6X3X-38 
4-55 


11 X 34x-51 
34:20 

11 x 3$x-60 
37-80 

12 x 84X-51 

41-65 


BULKHEAD STIFFENE 


Spaced 24 inches apart on collision bulkh 


HEIGHT OF TOP OF BULKHEAD AT MIDDLE LINE ABOVE TOP OF STIFFENER 


For notes see page 149 


7X 3X +39 


| 
x 
oe 
x 


8X 3 X -41 


10 X 34X-42 
10 X 34X-55 
29-15 
11 X 3}x-44 
81-55 
11 X 35 x-60 

__ 37-80 

12 X 3}x-46 
89-45 

12 x 34x-54 
43-05 


47-00 
52-60 


58-60 


x +49 


12x4x4xX-50 


12x 4X4 xX -64 


1S Oo OT 


7X 3X -48 


8x3 x -49 
16-35 
9X 34x-41 
19-15 


9 X 3hx-51 


21-90 
10 X 8)x-41 
2450 
10 x 3hx-52 
28-10 


80-90 
11 X 85x-5 
35-40 
11 X 3}x-63 
89-00 
12 X 34x-51 
41-65 


ie 


12xX4x4xX -48 


46-20 


12x 4X4 xX -62 


51-80 


65-50 


5}X3 X +34 
5-60 

6 X 8 X +36 
be | 

6 X 3 X 47 
8-60 

7X 3X +39 
10-45 

7X 3x -49 
12°25 

8X 3X42 
14-75 

8X 3X i} 
17-10 

9 X 34X-44 
19:90 

9 x BEx-52 
22:20 

10 x 34x-i0 
27-40 


30-90 | 
11 X 3}x-53 
35-00 
11 x 3}x-6l 
38-20 
12 X 34x51 
41-65 
12x4x4X4 
45-40 > 
12x 4x4X% 
48-60 
12x 4x4x¢4 
53-75 


Section moduli above ® 


BRACKETED 


pf 30 inches apart on other watertight bulkheads 


TABLE 33 


(SEE CONTINUATION) 


HEIGHT OF TOP OF BULKHEAD AT MIDDLE LINE ABOVE TOP OF STIFFENER LENGTH 
PEET | OF 
14 16 18 20 22 24 26 ee 
ede tl 
6X 3X 36 5X3 X +28 55X3 X +34 54x 3 X:37 6 X 3 X +35 6 X 3X -36 6xX3x-39 |A 8 
4:30 4-95 5-60 5-95 6-95 7-10 7-50 | 
reared | 
5hx8 X -B7 6X 8X 35 6 X 3X +36 6X 3X +45 6X 3X -48 6 xX 3X -50 7X 8X +87 | 9 
5-95 6-95 7-10 8-35 875 9-00 10-10 | = 
6X 3X +88 6X 8X -45 6 X 3X -48 7X 8X -37 7X 8X +40 7X 3X +48 7X 8x -49 | 10 
735 8-35 8-75 10-10 10-60 12-05 12-25 
7X 8X +86 7X 8X -B9 7X 3X -48 7XBX-49 8X Bx -39 8X 3X -41 8x 3x -42 | “a 
9-95 10-45 12-05 12-25 14-10 14-55 14-75 bot 
7X3 X48 7X3 x -49 8 xX 8 x -39 8x3 -41 8x3 x-49 8xX3x-51 9 X 34x-88 | 12 
12-05 12-25 14-10 14:55 16-35 16-85 18-40 & - 
8X 3 xX +39 8X 3 xX -42 8x3 xX -53 9 X 34x-41 9X 35x-43 9X 34x-44 9 X 34x-51 lz 13 
14-10 14-75 17-85 19-15 19-65 19-90 21-90 hue 
8x3 x -49 9 X 35X-38 9X 3)x-41 9 X 3) x-49 9X 3hx-51 10 X 3hx-41 | : 10 X 84.x-42 5 14 
16-35 18-40 19-15 21°85 21-90 24-50 24-80 | 
9X 84 x-41 9 X 3b x-45 9 X 3bx-51 10 X 3}x-41 10 X 34x-50 10 X 34x-52 15 
19-15 20-20 21-90 24-50 27-40 28-10 30-90 | 
9X 84X-51 10 X 85X-41 10 X 34x-50 10 X 35X-53 11 X 84x-44 11 X 35X+58 16 
21-90 24-50 27-40 28-45 30-90 31-55 35-00 | im 
10 X 84x-42 10 X 34x-52 11 X 34x-538 11 X 84x-54 11 X 34x-60 11 X 84x-61 | 17 
24-80 28-10 30-90 35-00 35-40 37-80 38-20 | 
11 X 34x-44 11x 84x58 | 11x 3} x-60 11 X 34X°61 12,X 3$X-51 12 X 8bx-54 | 18 
30-90 $155 35-00 37-80 38-20 41-65 43-05 AY 
11 X 34x-53 11 x 34x-60 11 X 35x-61 12 X 34x-51 12 X 8§x-52 | S12 X 84x-56 12x4x4x-48 | A 19 
35-00 37-80 38-20 41-65 42-10 44-00 46-20 | 
= | —— SS | | 
IL X 34x-60 12 X 84x-46 12x 35x-51 | 12 x 84x-56 12X4X4xX-48 | 12x44 -52 | 12x4x4x-62 | 20 
37-80 39-45 41-65 44-00 46-20 47-80 51-80 | al 
12X 85x-51 12 X 3}x-52 12xX4x4x-48 | 12K4xK4x-50 | 12X4x4x-62 | 12x 4x 4x -67 21 
41-65 42-10 46-20 | 47-00 51-80 53°75 57-50 | 
2X 3x58 | 12x4x4x-48 | 12K4x4%x-62| 12K 4x4x -64 1DX4x4x-48 | 20 
44-95 46-20 51-80 52-60 57-50 59-70 64-60 
RX4x4x-50 12x4x4x-62 1bxX4x4x-46 | 15 X4X4X-50 23 
47-00 51:80 57-50 58-60 63-35 65-85 
RX4X 4x -64 15 X4xX4%X-46 | 15xX4xX4 xX -48 | 24 
52-60 57-50 63-35 64-60 | 
25 


nN 
re) 
eI 
“~ 
A 
< 
oi 
oO} 
Vv 


; For notes see page 149 
en to nearest +05 
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TABLE 33 BULKHEAD STIFFENERS—BRACKETED 


(CONCLUDED) 
Spaced 24 inches apart on collision bulkheads and 30 inches apart on other watertight bulkheads 
LENGTH HEIGHT OF TOP OF BULKHEAD AT MIDDLE LINE ABOVE TOP OF STIFFENER 
OF i Leda st : eae 8 us FEET -s : 
j ia 28 | 30 | 32 | 34 36 38 40 
+ - rave a A = 
Feet Soca APS ES eee ae oan a " Modutue— Inches .... eae eth air ers Aer eee ——a 
8 \) 6X8xX-45 6 X 3X -47 6X 3X 48 TXSRASTAM 7X BHE-BS 7X 3x -40 7X 38x-48 | A. 
| 8-35 8-60 | 8-75 10-10 10-25 10-60 12-05 | 
7 aa T | es - | 
9 | TSS MMOS) 7 XIBOG-ATN S| 7 XBEKRAB. OU 7X3X -49 8 X 3 X -38 8 X 8 X -39 8x3 x -41 | 
10-60 | 11°85 12-05 | 12-25 13-85 14-10 14:55 
‘a | 7x8x-51 | sxsx-89 | 8xBx41 | 8x8x-48 | 8x38x-49 8x 8x02 | 9x Bbx-41 | | 
12-60 14-10 it (14:55 | 16-10 16-35 17-10 19-15 | 
11 [ 8xX8x49 | 8xX3BX-51 | 9X 84X41 | 9X 8kx-48 9 X 35x-44 9 X 34x-45 9 X 35xX-51 & 
16°35 | 16:85 19-15 19-65 19-90 20-20 21-90 \2 
—- tl < ; |< 
12 ! 9X BEX4L | 9X BEX | 9 xX 84x-51 9X 35x52 | 10x 3kx-41 | 10x 8bx-44 10 X 84x-50 | Re 
KE 19-15 20-20 21-90 | 22-20 24-50 | 25-45 27-40 a 
: 2 | totes 
13 4| 9X 84x-52 10 X 3$x-41 10 X 33x-420 0 10 X 85x50 | 10 X 84x53 11 X 3}x-44 
Ls 22-20 24:50 — 24-80 | 27-40 | 28-45 380-90 81-55 | 
ia F 10 X 8§x-50 | 10 X 34x-53 | 11x 84x-51 | 11x 3EX-53 | 11 X BRX-54 11 X 35X-60 | | 
- ||. 27-40 28-45 | 30-90 84-20 35-00 35-40 | 37-80 
15 11 x 84x: “44. 11 X 3$X-51 | 11 X 8}x: BA | 11x 8$x-60 | 11 xX 34x-61 11 X 3}X-63 12 X 3hx-51 | | 
| | 81-55 | 34:20 | 35-40 37-80 38-20 39-00 41-65 | | Al-65 | 
—_—-——_ | | ~ | — — | — | 
16 | | 11 X 35x-60 11 X 3}x-61 11 X 3$xX-63 12 X 3x51 | 12 X 84x-52 12 x 84x-54 12x4x4x-48 Mexaxaxas |» . 
| 37-80 38-20 _ | 89-00 | 41-65 | 42-10 43-05 46-20 | 
17 | 12 X 84x-51 12 X 34-52 | 12 x 8)x-54 12xX4x4x +48 /12x4x4%x-50 |12x4x4x +52 12X4x4x-62 | 
ha 41-65 © 42:10 43-05 46-20 | 47-00 47-80 | 51:80 
18 12 X 84x-56 [12x 4x4 x -48 12x 4X 4X50 12 X44 x 6/12 x 4X AX 4 12xX4xX4xX -67 | 
Vv 44-00 46-20 | _—- 47-00 © 51:80 2-60 58°75 57-50 
19 \| 12x4x4x-52 |12X 4X 4 x -62 12x 4x4x- 64 | (15 xX 4% 4x46 | 15x4x4x-48 | 
| 47-80 51-80 52-60 — le 57-50 58-60 — 63-35 v5] 64-60 | 
86 1) 124x467 | 1bX4X 4X46 15 xX4X4X-48 | 
| | 575 57-50 58-60 63-35 64-60 
21 | 1b XA x 4X 46 15 x4x4 x -50 ‘a 
| 59-70 63-35 | 65-85 5 
{ - | | Z 
| 15X4xX4xX-50 | | 4 
RS | 65-85 | 5 
| 
23 a 
<4) 
3 2 
oO} 
24 | 
25 
26 
27 | 
Vv 


For notes see page 149 


Section moduli are given to nearest ‘05 
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= os “i 
oF rT e siiae 
cnr aks? 


(SEE CONTINUATION) 


BULKHEAD STIFFENER 


Spaced 24 inches apart on collision bulkhe 


LENGTH 
OF 4 
STIFFENER fe) 2 4 
Feet ee a ee —e pial, Galion 
8 A| *4x 8X -48 5x 8X -36 5X 8X 46 
| 2:35 3-00 3-80 
N | 
9 | wd X BX 42 5X 8X 47 54X38 xX -36 
. Z 3-50 3-90 5-80 
ie || *6 x 8 x -88 54X8.X +87 6X 3x +85 
Vv 4:55 5-95 695 
11} BKB x 88 | 6x8x-38 6X 3X -46 
6-05 7:35 8-45 
; 12 6 X 3X -39 6 X 3 Xx -50 7X 3X -39 
7-50 9-00 10-45 
: || | 
13 [ 6X BX 45 7x 3x -40 7X 8X-51 
| | 8-35 10-60 12-60 
14 | 7X8x-41 7X 3X -52 8X 3x -49 
. | 10-80 12-80 16-35 
15 | 7X3 -52 8X 3X -45 9 X 35x-41 
| 1280 15-45 19-15 
= [ 8X 8X -49 9X B4X-41 9 X B4X-51 
|__ 16:85 19-15 21-90 
17 i 9 x 84x48 9 X 34x-51 10 X 3)Xx-42 
Z 19-65 21-90 24-80 
<| - 
18 m) 9X 8hx-51 10. X 34xX-44 10 X 3}X-55 
B|_ 21-90 25-45 29-15 
| | ’ . 
“a [| 10x 8hx-42 10 x'8$x-58 11 x 85x-45 
24-80 28-45 31-95 
me | 11 x 84x-46 11 x 84x-60 
30-90 32-30 37-80 
21 11 x 35x-46 11 x 35x-60 12 x 84x-51 
32-30 37-80 41-65 
29 11 X 8$x-60 12 X 34x-51 12 x 35x-56 
| 37-80 41-65 44-00 
23 12 X 3}X-51 12 X 34x-58 12x4x4x-54 
41-65 44-95 48-60 
12 X 34x-58 | 12x 4x4 x -56 
ea ||| 28h 
Vv 49-40 54-50 
K 
He > 48-60 55-50 60-80 
a 
26 = Ib xX4x4xX-44 |) 15X44 x -53 
Z, 54-50 62:15 67-65 
5 1b xX 4X 4X -55 
ve | 60-80 68-85 
Vv 


TABLE B34 
| 
. 


The ends of upper ‘tween deck stiffeners marked * may be riveted to the boundary angle only, without lug attachment 
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FEBT 
6 


INCHES _ 


Modulus—Inches* 


6X 3X -38 
4-55 
53x38 X +38 
6-05 
6X 3X +45 
8-365 
7X 3X -87 
10-10 


7X 3X +48 


12-05 


8x3X -41 
14:55 


8X 3 X -53 


17°35 
9X 3X45 
20-20 


10 x 34x-41 


24-50 


10 x 84x-52 


28-10 


11 X 84x44 


81°55 


11 X 35x-58 


37-00 


12 X 34x-51 


41-65 


12 x 35X-56 


44-00 


12X 4X4 X -82 


uJ 


47-80 


isd hes 


53-75 


59-70 


15 xX 4X4 xX -50 


65-85 


67 | 


9 X 35x-5: 


22°20 


xX 84x -4! 
25-80 


30-90 


xX 34x: 


35-80 


x 3hx: 


39-00 


x 3hx- 


42-10 


12x4x4xX 48 


46-20 


| 12X 4X4 X -62 


51-80 


1s xX4x4xX -48 


64-60 


HEIGHT OF TOP OF BULKHEAD AT MIDDLE LINE ABOVE TOP OF STIFFENER 


———— Gd see Gee eee ee ee ees 


5}X3 X +88 
6-05 

6 X 3X -39 
7-50 

7X 3X +37 
10-10 

7X 3X -49 
12-25 

8 xX 8 Xx -42 
14-75 

9X 35X-41 
19-15 

9 X 34x-51 
21:90 

10 X 35x-42 
24-80 

10 X 8}X-55 
29-15 

11 X 3}Xx-46 
82-30 

11 X 34x-61 
38-20 

12 X 84x-51 
41-65 


12X4x4X -48 


46-20 
12x 4X4 xX -62 
51-80 


57-50 


15 xX 4X4 X -46 
63-35 


7X 38x -40 


8x 8X +39 


11 X 3} X-44 
81-55 

11 X 3$x-56 
36-20 

12 X 34x51 
41-65 


1Zx4x4x4 
46-20 


13x4x4Xx-b 
51-80 


57-50 
Ibx4x4Xx-4 
68-385 


Section moduli above 


_LUGGED 


spi 80 inches apart on other watertight bulkheads 


TABLE B34 


(SEE CONTINUATION) 


a ee ee ae ee ee ae 


HEIGHT OF TOP OF BULKHEAD AT MIDDLE LINE ABOVE TOP OF STIFFENER 


7X8*X 
10-10 

7X8xX- 
12:05 

8x 8 X -42 
14:75 

9X 3hx-41 
19-15 

9x 8$x-51 
21-90 

10 X 84 x-44 


25-45 


30-90 

IL X 84X-45 
81-95 

11 X 85X-63 
39-00 

12 X 84 x-54 
43-05 


Soepennnteenenthieanedinaiaeeteneine 


2x4x4xX -52 | 


47-80 
|X 4xX 4 xX -67 
53-75 


69-70 


given to nearest +05 


es 


7X 3x -40 
10-60 

1 XB X*d2 
12-80 

8xX8xXx- 
16-35 

9 x 34x-48 
19-65 

9X 84X°5 
22-70 

10 x 3bx-5 
28-10 

11 x 85x-45 
81-95 

11 x 34x-60 
37-80 

12 X 3$x-51 
41-65 

12X4xX4xX 48 

46-20 


12X44 xX -62 | 


51-80 


|15x4x4x 


18 


6X 3x -48 
8°75 
(6S fons 
11-15 
8x3x 
14-55 


43 
“41 


8X 3X -53 
17-35 

9 X 3$X-51 
21-90 


10 x 8bx44 


25-45 


380-90 
11 Xx 34-55 
35-80 
12 x 34x-46 
389-45 
12 X 35-58 
44-95 
12x44 xX -6% 
51-80 


57-50 


46 
63-35 
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19-15 
9X 35x-51 
10 X 3}x-46 
26-10 
11 X 35x-44 
31-55 
11 X 34x 
37-80 
12 X 34 X-52 
42-10 


12x4x4*x 
46-20 


-60 


| 12x4x4x 


FEET 
20 22 
INCHES > 
Modulus—Inches* 
(fewer oy TXB x 39 
10-10 10-45 
7X3x -49 8 X 3 X -39 
12-25 14-10 
8X 3X -49 8 X 3 X -52 
16°35 17-10 
9 X 35x-43 9 X 34x-45 
19-65 20-20 
9 xX 8} x-54 10 x 34x-42 
22-70 24-80 
10 X 34x-52 
28-10 380-90 
11 X 34x-45 11 X 3$X-55 
31:95 35-80 
11 X 34x-60 12 X 84x-51 
387-80 : 41-65 
12 x 34x-51 12 X 3} x-58 
41-65 44-95 
12x4xX4x-48 | 12x 44x -62 | 
46-20 51-80 
12X4xX4xX -64 
52-60 57-50 
15x44 xX -46 
59-70 63-35 
164s 58 
67-65 


64 


7X3 xX 48 
12:05 
8X 3 X -49 
16-36 
9X 3bX-43 
AAT 
10 X 34x-41 
24-50 


| 10 x 35x-50 


-48 | 


35-00 

12 X 35-46 
39-45 

12 X 84 x-56 
44-00 

12X4x4xX-62 
51-80 


57+50 


15 X4xX4X-48 
64:60 


2S ee Sa es aa Ss Ss BS = 


BULB ANGLES ~ 


LENGTH 
OF 
STIFFENER 


Feet 


8 


10 


uly 


12 


13 


14 


15 


16 


17 


18 


19 


For notes see page 149 


Chap. D, Table 34 


TABLE 34 BULKHEAD STIFFENERS—LUGGED 


(CONCLUDED) 
Spaced 24 inches apart on collision bulkheads and 30 inches apart on other watertight bulkheads 
LENGTH HEIGHT OF TOP OF BULKHEAD AT MIDDLE LINE ABOVE TOP OF STIFFENER 
oF = . FEET 
i al 28 30 32 34 36 38 40 
Pet Je “76 
8 A) .7X3x052.|- 8xBx-89. | 8x8x-41 8x 3x -48 8x 3xX-51 8xX8x-52 | 8x8x-58 | A 
| | 
| 12-80... | 14:10 | 14-555.) | 15-00 16-85 17-10 17-35 
9 8X3X-52 | 8xX3xX53 | 9X 3hx-41 9 xX 35x-43 9X 34x45 | 9X 34x-51 9 X 84x-52 | | 
| | 17-10 | 17-35 19-15 19-65 20:20 | 21:90 22-20 \8 
a aes | : : = <) 
10 rn 9 X 8bx-45 | 9 X 35X-51 9 X 35X-52 10 X 35x-41 10 X 34x-42 10 x 35x-50 | 10 x 8x-58 |Z 
8 20-20 21:90 22-20 24:50 24-80 27-40 28-45 ie 
eh a oe == => : <) 
11 4 10 X 35x-42 | 10 X 3§X-50 |. 10 X 35x-53 | 11x 85x-44 11 X 8}x-45 | 11 X 84x-58 |B 
Fe 24:80 | 27-40 28-45 | 30-90 81-55 81-95 35-00 | 
ells ; eee = = —- = 
12 B| 11 x 3}x-45 11 X 384x-58 =| «11 x 8hx-55 | «(11 X 84x-60 =| «11 X 84x-68 12 x 8}x-51 l 
| 30:90 31:95 35-00 35-80 | 37-80 | 39-00 41-65 Vv 
| = or | | | 
13 | | 11 xX 85x-55 11 xX 3x60 | 12X3x-46 | 12 X 8hx-51 12 X 35X-52 12 X 84x-54 12x4x4x-48 4 
| Fa 35°30. | 37-80 | 39-45 | 41-65 42-10 48-05 46-20 | 
py, Lienert | 12x 8hx-52 | 12x 8hx-58 |12x4x4x-48 |12xK4x 4x -50-112 x 4x4 x -62 | | 
vi 41-65 | 42-10 44-95 46-20 47-00 51-80 | 57-50 
15 } 12X4Xx4xX-48 | 12X44 -52 |12X4x4xX 62 [12K 4x4 x -64 | | 1bX4X4X+46 | 
ii | 46-200 47-80 | 5180 52:60 57-50 58-60 | 63:85 | 
16 |) texaxax-64 | | 15 X4X 4X46 | 15 X4X 4X48 1X 4X4 -50 | | 
52:60 | 57-50: | 58-60 63°35 | 64-60 | 65:85 | | 
17 | BX 4X 4X +46 | 15x 4x 4 x -50 | | | | 
| | | | 
| 69-70 63-35 65-85 | | 
Wit 14) 15x4x4x-58 | 
Hit 18 | | 67-65 r | | 
i | : | 
| | 
& 
| | \Z 
| a 
} % I< 
{ Pt td 
te ri 
| g | 
to | 
1°) 
} | | 
} | | 
} 
| 
| | | 
) | | 
| | 
\ Vv 


; Vor notes see page 149 
Section moduli above are given to nearest *05 
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rabLE BD TABLE 36 


BULKHEAD STIFFENERS 
in TUGS 


Spaced 24 inches apart on collision bulkheads and 
0 inches apart on other watertight bulkheads 


END ATTACHMENTS for STIFFENERS 


BRACKET ATTACHMENTS LUG ATTACHMENTS 


es 


TYPE AND DEPTH OF 


Numberand size of | 


2 STIFFENER | ‘Thick | wiath of | Area of Number and size of Area of 
yworgor | = SUrrEners | WHTHOUT | ocunenet | “denge’| ‘vetsinencharm | Araof | Nuspey suas ie 
sTIFFENER ia ratte KETS OR | | coal 

a Inches Inches Sq. inches : Sq. inches 
Feet INCHES INCHES Angles “34 — 3 of 3 Ins. Dia. 1-5 2 of % Ins.Dia.) 1-0 
Modulus—Inches* Modulus—Inches* a ae) 
- | et 34x24x-30 Bulb angles 6 inches & 36 aa 3 3 15 ; 3 1-0 
1-30 under S| i: By #22 me re 2? 
3 X 24x-28 4x 3x -80 es | ‘ 
8 | ip 1-85 Bulb angles 7 inches 40 -- ye 2-0 a. Sore 1-5 
3 X 24x-80 4X 8X +34 measitie tz es: 
9 | faa S40 wa i: 8 SS 42 — a 2. 2-5 aed conan 1-5 
34x24 x-82 4X 3X -48 ny - Te: 5 hall Li 
10 | "1-40 2-35 i a RR | oY a Sin <n 3-0 diy St ae ath 2-0 
| 4x 3x -82 5X 38X -34 Ls a vce ee. : = 
a: ees Bas . 1» | {] 86 | Bh] 7H Bw » [85 | 4,2» » | 20 
z, 4x 3X -40 5X BX +42 ae ‘i Fa a 7 bs lo anal ' “ie 
12 i ia ee eee ier 1 ee ae ee See Ce ae ae Se a 
ES PAGE a | 7 : : 
mz 
5 X38 Xx 82 6 X 3 X 36 3 | : bs : 
13 | av bsp c wa -l2ae Z| -40 Gin Hehe dos Bipall Wie whe 3.5 
«. t ae: oe = s Se 4 : - = = 
5x 3 x -42 6X 3x -42 Seale eel : | 
14 | - 50 2 00 Channels 12 as mass | | 40 3 9 ” H ” ” 6-25 6 ” t ” ” | 4-0 
5 dD 1 Ss | 
6 xX 3X -36 6X 3x -49 Ths ays | : : 
” z : 3 On 53 7 7 75 
15 | 4-30 5-75 inchen 40 3) 1 4 70 Ph ep ee ee a 4-75 
6X 3x -42 3 be ae | hs 1 
- | 5-00 — { inches} y | 44 3h 13 8 9-0 8, BB» 4 5:5 
ae ee ee a ce ee 


NOTES.—TABLES 33, 34, 35 & 36 


1. Length of stiffeners is to be measured over the 
full distance between the top and bottom boundaries of the 
bulkhead. 


2. Correction for spacing.—If the spacing of the 
stiffeners differs from the Table spacing the modulus is to 
be modified in direct proportion. 


3. Welded construction. When the bulkhead plating, 
boundaries, stiffeners and end brackets are welded, the 
modulus of the stiffeners may, in general, be reduced by 
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15 per cent, but due consideration is to be given to stiffness 
and to the rigidity of the structure to which the end 
brackets are attached. 


4, Area of weld is the product of the throat thickness 
and the length of the weld. The throat thickness is not 
to be less than 70 per cent of the leg length for Type 3 
weld. (See Table 52 G.) 


5. Particulars of sections and moduli are given in 
Table 56, 


Chap. D, Tables 35 - 36 


TABLE 3/7 


TUNNEL PLATING 


Stiffeners spaced 36 inches apart 


THICKNESS THICKNESS 
DEPTH | DEPTH 
(SeeNOTE 1) | FLAT SIDE CURVED TOP (SeeNOTE1) | FLAT SIDE CURVED TOP 
PLATING PLATING PLATING PLATING 
Feet Inches Inches | Feet Inches Inches 
8 “29 +26 I 36 “45 -40 
| 
12 SEB] +28 | 40 “47 “42 
| | 
16 +33 “30 | 44 49 “44 
| 
| | 
| | | 
| | 
20 35 | 82 48 51 46 
| 
24 -38 34 | 52 “D4 -48 
| | 
28 40 -36 56 D6 -50 
\ 
82 ae © +38 | 60 58 D2 
| 


NOTES.—TABLE 37 
1. Depth is to be measured at mid-length of the 


tunnel from the bulkhead deck at the centre line to the 
lower edge of the plate. 


2. Correction for spacing of stiffeners. When the 
spacing differs from 36 inches the thickness is to be modi- 
fied at the rate of 2 per cent for every inch of difference. 


3. For additions under hatchways see D 1702 to 
D 1703. 
For tunnels in deep tanks see D 1910 and D 2014. 
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TABLE 38 


TUNNEL STIFFENERS 


Spaced 36 inches apart 


LENGTH FROM BASE OF TUNNEL TO TOP OF FLAT SIDE 


DEPTH — — 
(See NOTE 1) Feet Feet Feet Feet Feet Feet 
3 + 5 6 v 8 
Feet SS SS SS OSS Ss SO OS SF PO ay ‘eet eee eae te ioe = 
fe Al 3x 2x24 3hXx3 X -B4 4X 3X -38 5x 8X -34 5X3 -44 BEX8X +35 A 
-80 1-45 2-10 2°85 | 3-65 5:70 | 
16 | 3X 25x-29 4X 8X -80 5X 8x -82 5X3 xX +44 5$XB X +35 6X Bx 85 | 
| “95 TAG ee 3-65 5°70 | | 695 
20 84x 24x -26 4X 3X -88 5x3x-42 | 6X3X-38 6X 3x -35 6X 3X45 _ | 
| BES 210 3-50 4-55 «695 8-35 
24 4X 8x -28 5X 3X +32 6 X 8X -32 54X83 X +37 6 X 8 xX -38 7X 8x -87_ | 
| 155 2-70 POOP) AL ae KBE: br he7 785 10-10 
ons 4X 8X +30 6 X 3x -40 6X 3X -35 6X 3X -48 7 x8x48 || 
1-65 4:75 6-95 875 12-05 | 
ad aXBX 88 55xX3 X +37 6X BX -45 7X3x-890 | sxsx 39 | 
| 2-10 595° 8-35 10-45 14-10 a 
" Ax Bx 40 6 X 8 X +85 6X3 x -48 7X3x-47 Bx3x-42 2 
z 2.20 6-95 8-75 11-85 14-75 
40 5 4X 3X -48 6 X 3 X -36 7X 3X -37 8 X 3 X -39 8 X 34x-52 = 
2-35 7-10 10:10 «14-10 1715 i 
a 5X 3X -82 6X 3X +45 7X 3X -48 8x8x-42 | 9x Bhx-4] 
| 2.70 8°35 12-05 14-75 19-15 | 
48 | 5X 3X -36 6X 3X -47 7X8 x -49 8 x 34x-49 9X 84x-45 | 
| 3-00 8-60 12-25 16-45 20-20 
a GR § Ride 7x 8x -87 8X 8X +39 9x 3hx-41 9 x 84x-52 
| 3°50 10-10 14-10 19-15 22-20 
we | hi taal 7x 3X -39 8X 3x -42 9 x 34x-45 9 X 84x-60 
3-65 10-45 ee 20-20 24-45 | | 
60 | 6 X 3X -32 7X3x -48 8 x 3hx-49 9 x 34x-51 10 x.3}x-50 | 
\ pa 12-05 16-45 21-90 27-40 Vv 


Section moduli above are given to nearest °05 


NOTES.—TABLE 38 


1. Depth is to be measured at mid-length of the 
tunnel from the bulkhead deck at the centre line to the 
base of the tunnel. 

2. Correction for spacing. If the spacing of the 
stiffeners differs from 36 inches the Table modulus is to 
be modified in direct proportion. 

3. Particulars of sections and moduli are given in 
Table 56. 


15] . Chap. D, Table 38 


TABLE BO 


STIFFENERS TO NO 


NOMERAL 
LENGTH So i eS : —_ ———— = — x a 
EE 
or Secs vas 10 | 15 20 30 | 40 
STIFFENER ——_—_— —_—— . — — —F - - — 
\<- ——— ———  ——  —— SINGLE STIFFENERS- —— —— —— ——~— — ->||\<- —— DOUBLE STIFFENERS.— — 
GY ‘spa pie Deiasiaenb >ainadk-seaie P es | =) 
Feet A Inches Inches Inches | Inches Inches Inches 
8 | 4X 8X -82 5bx8 X -84 6 x 8x -40 5 xX 8X -80 BbXS x -38 
ipa | fe 
10 2 DIX BXc8S 6X 8x -84 7x8 xX -36 | 53x38 X -30 6 xX 3X -38 
| 
3\_ = a i 
4 \} 
12 | 5X 8X -86 7X8 x -84 8x 8x -36 6 X 8 X -82 6X 8x +44 
14 | 5X3 xX-40 6X 3X -38 7X3x -40 8xX3x -42 6X 3X -36 7X 3X 42 
Vv 
ee ee 
|} 
16 i} 6X 3x -82 7X 8X -36 8x 3 x -36 9 x 34x-40 7X38 xX -36 8x 8 x -42 
18 : 6X 3X -38 7X3X -42 8x 3x -42 9 x 3}x-46 . 7X8x-40 8 X 8X -46 
20 | 7X 3X -38 8X 8x -42 9 xX 34x-42 10 X 85x-48 8X 3x -40 9 x 8hx-44 
—— | 18 
| 
22 | 7X 8X -44 /8X8x -48 9 X 8$x-50 10 X 85x-56 | 8x 3x -44 9 x 34x-50 
24 4) 8x8x-40 9 x 3hx-44 10 x 34x-48 11 x 34x-54 9x 3hx-42 | 10x 3}x-48 
a Saw : 
- 2 _ I 
26 | | 8X 3X -46 9 x 8hx-50 10 x 3hx-54 11x 83x60 | 9x 3hx-46 10 x 3hx-54 
28 | | | 9x 8}x-42 10 X 34x-48 11 x 84x-52 12 x 3}x-58 10 X 84x-42 11 x 34x-50 
beget | : eee 1 aa | a 2 
30 | | - 9x 8hx-48 | 10x 8hx-54 11 X 34x-56 12 x 35x-62 10 x 35x-46 11 x 3}x-56 
| 
82 | | 10x 3hx-44 11 x 3$x-48 11 X 3$x-58 12 x 84x-66 11 x 34x-44 12 x 84x-52 
Vi 


eee eee eee oss hh _Ve_ =U 
NOTES.—TABLE 39 


1. Length of stiffener is to be measured between the 
top and bottom boundaries of the bulkhead. 


2. The numeral, whether for stiffeners supporting 
deck beams, strong hatch end beams or deck transverses, is 
to be obtained as for pillars: see Table 31, notes 1 and 2. 


3. Arrangements with longitudinally framed 
decks.—The stiffeners not supporting deck transverses are 
to have a modulus 25 per cent less than that derived from 
the column headed “Not exceeding 5”. The ends of hold 


or 
te 


Chap. D, Table 39 . 15: 


JATERTIGHT BULKHEADS TABLE BO 


NUMERAL 
7 LENGTH 
50 60 70 80 90 OF 
— — STIFFENER 
a eee eee i ————._ DOUBLE STIFFENERS.—— ——  —— —— - _— —— — — >) 
Inches Inches ‘Inches. Inches _ ae ba “Inches” Al Feet 
6X 3X +38 6X 3X -42 7X3 xX -42 8X 3x -40 8 X 3 X -46 | 8 
a i, | 
6x3 x -42 7X3X -42 7X3 X -46 8X3X-44 8X 3X -50 | 10 
7X 3X +42 8X 8X -42 8 X 8X -46 8X 3X +50 9 x 34x50 | 12 
8X 3x -40 8X3 X +44 9 X 35X-46 | 9 x 35x-50 | 10 x 3}x-52 | | 14 
8X 8X -46 9 X 34X-46 9 X 84x-52 10 X 85X-52 10 X 34x-58 | | 16 
9X 34x-44 9 x 34x-50 10 X 84x-52 | 10 x 34X-56 11 x 34X-56 | 18 
- > 5 | 
Z, 
9 x 84x-50 10 x 84x-50 10 X 85x-58 11 X 34x-56 11 X 34x-60 la| 20 
f= a 
il 
10 x 34x-50 10 x 34Xx-56 | 11 x 3}x-56 | 11 x 34x-60 12 x 3hx-60 || 22 
10 x 35x-56 11 X 34x-54 12 x 34x-56 12 x 34x-60 | 24 
| | | 
11 x 3}x-54 11 X 34x-60 12 x 35x-60 || 26 
| 
11 X 34x-60 12 x 34x-60 28 
= | | | me 
12 X 85x-56 | 30 
12 x 34x-60 | | | 32 


NOTES.—TABLE 39 (concluded) 


stiffeners are to be lugged or welded to the inner bottom 
and deck. 


4. Coal bunker bulkheads.—The scantlings of 
stiffeners for bunker bulkheads, not supporting decks, are 
to be determined from the column headed ‘Not exceeding 
5” for a spacing of 36 inches, but the modulus may be 
teduced by 25 per cent. 


5. For end connections and constructional details see 
D 18. 
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) TABLE 40 STIFFENERS ON BOUNDARY BULKHEADS OF DEEP TANK 
| Spaced 24 inches apart 


LENGTH HEAD H 
I) a — _ a —— tit _ : : 
STIFFENER 3 4 5 | 6 8 10 12 14 
| Teh | seer yer ea ae a TSN A he ta RNIN ITT ce ce a 
| 5 A| 3xX8x-26| 3x3x-30 | 34x38-x -28 | 34x3x-32 | 4x3x-34 | 4xX8X-44 | BX 3X BB | 5X3 Xi 
| 85) | 1-00 | 1:20 | 1-40 1-90 | 2-40 | 2-80 | 3:25 
1 6 | 3xX3xX-80| 3x8 x-32 | 4x8x-31 | 4X3 x-38 5xX8xX-38 | 5x8xX-41 | 6X3X-34 6x3xa 
i} 1:00 |  _—«i1-40 | oli F0 oe 2-10 2:80 3-40 4-10 4-65 
a | BbxBX-B2) 4XBX-BS | 5xXBX-BO  5xXBx-B4 | 6XBx-3B2 | GxBx-41 [| 5EXBX 39  6X3xKq 
i 1-40 2-10 | 2-55 | 2:85 | 3-90 4-85 5-70 6-50 
i = | 4xBX-34) 5xXBX-B0 | 5X3X-87 | 6X8X-30 | 6X 8X -42 | BEX3xX-40 | 6X3X-89 6X 3X4 
| ] 1:90 855 3-10 3:70 5-00 6-25 7:50 8-75 
t 9 | 4X Bx Ad | 5X8 X -39 | 6x8x-40 | 53x38 X -40 6X3X-42 | 6X3xX-52 7X3X 4 
A 2-40 886 4:75 6-25 7-90 9-30 10-80 
i] ‘6 Wb xs x84) 6X 3X -84 5x3 X +36 6X3X-42 7x3X-34 7X3X-46 8x Bae 
| 2-85 4:10 5-80 7-90 9-60 11-65 13-45 _ 
| 11 | 5X 3X42) 6X8 xX -42 | 6X3x 36 7X 3x -33 7XBX-45 | 8X3X-37 8 X 8 X 4h 
i | 3-55 5-00 | 7-10 9:45 11-50 18-65 ‘ 15-65 
| 12 | | 6X3 X -37 54x38 X -36 | 6X3 xX -44 7X3 -42 8x 3X -36 8x 3x -47 9 x 34x. 
f | | 4:55 5-80 6-95 | 8-20 10-95 18°45 15-90 18-40 
| 13 1) 6x 3X43) SbXBx-43 | 6XBX48 | 7XBX-B4 | 7XBX-52 | BXBX48 | 9X BEX-41 | 9X Bhxl 
i lv) 5-10 6-60 8-05 9-60 12-80 16-10 | 19-15 21-60 
| 14 4) BixS x Ba) 6XBX-38 | 6XBX-52 | 7X8x -44 8X 3X -44 9X BRX-B9 | 9X 3X52 | 10 x BhxH 
| | 5-60 735 | 9-30 11-30 15-20 18-65 | __ 22-20 25-45 
15 | 6xX3x-34| 6X3X-50° | TXBX43 | 8X3 X 36 8X3 xX -55 9x 85x-52 | 10x 8hx-46 | 10 x 8hx4i 
{| 6-80 9-00 11-15 13-45 17-80 22-20 26-10 29-45 
16 | 6xX3xX-42| 7X8x-40 | 7x8x-58 | 8xX8X-44 9X BEX47 10. X BHX-4B_— 10 X BOX | 11 x 8hxei 
| 790 | 10-60 13-00 15-20 20-80 25-15 29-45 38-05 
17 6X3X-52| 7X38X-50 | 8xXBX-44 8X 3X -55 9X BhX-54 — -10X BX-DH | 11 X BhX-5O0 | 11 x Bh 
| 9:15 12-40 15-20 17-80 22-70 -| 29:15 | 838-80 | _——_— 88-60 
rieentiet 7xX3x-39| 8X3X-89 BX8x-58 | 9X BhX-46 | 10x 3}X-45 | 11 x BbX-49 | 12x 89x46 fia Sa 
BR) 10-45 14-10 17-35 | 2050 25-80 33-45 89-45 45-40 
19 A 7X3X-49) 8X3X-49 | 9X 3bX45 | 9X BHxX-58 | 10 x 3}x-60 11 X 34x-62 [12 x 34x3$x-54/12 X 4x 4X4 
Tha|.eede. | 16-35 | __ 20-20 (28-85 | 30-80 | 38-60 45-80 51-40 
20 3 | 8X 3X -38| 9 X 85x-38 9 X 34x-54 | 10 x 34x-49 | 11x 8}x-55 [12X4xX4%x -4412X 4x 4X -62 
4/1885 | 18-40 22-70 27-10 35-8 44-60 51-80 58-70 
a1 | BX BX 4G) 9X BhX-48 | 10x Bhx-46 | 12 x 34x-50 [12x 4x 4x -60) lox 4x4Xx4 
15-75 | 21-05 | 26-10 31-25 41-20 51-00 59-80 65-85 
i 8X3X-55| 9X Bkx-58 | 10x 34x-56 11 X 84x-54 [12 X44 x -49) Wb x44 x +52) 
i |’ | 17-80 23-85 29-45 | 35-40 46-60 57-60 67-05 76-90 
| 9X Bhx-48 10 xX 84x-49 11 X B4x-49 | 12 X 84x47 12x 4X4 6415 X 4X 4 x 48 17X4xX4X4 
a8 21-05 27-10 33-45 | 39-90 52-60 _ 64-60 76-90 86-10 
‘10 x 34x-40| 10 X 34x-58 11 x 84x-57 [12 x 34x34x-52 1IbX4X4X -60117 X 4X 4X -56/17 X 4X 4X4 
at y\ 24:20 30-10 37-40 44-50 59-40 71-80 86-10 99-25 


Section moduli above are given to nearest ‘05 
NOTES.—TABLE 40 
1, Length of stiffeners on bulkheads is to be measured (iii) between the lowest girder and the bottom 
as follows :— boundary. 


: : ; On tunnels passing through deep tanks and having a 
(a) Where horizontal girders are not fitted 3 curved top, the length of stiffeners is to be measured from 
between the top and bottom boundaries. the base of the tunnel to the top of the flat side. 


(b) Where horizontal girders are fitted : 2. Head H is to be taken as the greater of the two 
following values :— 

(a) the distance in feet from the mid-point of length 
(ii) between girder and girder, as defined above to the top of the tank. 
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(i) between the top boundary and the highest girder, 


FAK TANKS AND OIL FUEL BUNKERS 
Spaced 24 inches apart 


HEAD H LENGTH 
FEET 
in % = oF 
16 18 20 22 24 26 28 STIFFENER 
= BP Ne eee Co ee 
x 3X -44 6X 3X -34 6X 3X -87 6x 3x -40 6X3xX-44 5X8 X -36 6X 8X -36 4 5 
3:65 4:10 4:40 4:75 5-20 | 5-80 7-10 | *| 
6X3 X +44 54x38 X -36 6xX3xX-31 6 X 8X -36 6x 3X -40 6X8 xX -44 6X3 X-48 | 6 
5-20 5-80 6-40 7-10 7-65 8-20 8-75 i, 
6X3 xX -38 6 X 3 X -44 6 X 3 X -50 7X3 X -36 7X 3x -40 7X3 -44 7x3x-48 || ~ 
7-35 8-20 9-00 9-95 10-60 11-30 1205 || 
7X3 X +35 (fos) eek Be) 7X3 xX -48 8X 3X -35 8x 3 xX -39 8X 3X -43 8X 3X -47 i 8 
9:80 10-95 12:05 13-25 14-10 15-00 15-90 | 
7X3 X +49 8 X 8X +37 8X3 Xx -44 8X3 x -49 8X 3X +55 9X 3hx-41 9x Bhx-45 |Z 9 
12-25 13-65 15-20 16-35 17-80 19-15 20-20 2 
8X 3X +44 8x3x-51 9 X 34x-39 9 X 34x-46 9 x 34x-50 9 X B4X-D5 10 x 34x-42 [5 | 10 
15:20 16-85 18-65 20-50 | 21-60 23-00 2480 | 
8X 8X +54 9 x 35x-42 9 x 34x-50 9x 34x-54 | 10x 34x-41 10 x 34x-48 10 X 34x-54 | 11 
17-55 19-40 21-60 22-70 24-50 26-80 28-80 ||| 
9X 35x-+46 9X 35X-54 10 X 35X-43 10 X 3§x-50 10 x 3$x-56 11 X 34x-44 11 x 3}x-49 | | | 12 
20:50 22-70 25-15 27-40 29-45 31°55 33-45 | 
10X 34x41 10 x 34x-50 10 X 34x-56 11 X 34x-46 11 x 3$x-53 11 X 35x-59 12 x 34x-46 | 13 
24-50 27-40 29-45 32-30 35-00 37-40 39-45 Vv 
10x 84x54 11 X 3$x-46 11 X 34x-53 11 X 34x-59 12 x 34x-48 12 x 84x384x-48 | 1234x34x-54)A 14 
28-80 32-30 35-00 37-40 | 40-30 | 43-00 45-80 | 
IX 34x-48 11 X 85x-57 «| «12 X 84x-48 12 x 84x34x-48 12X4xX4xX-50 | 12x4x 4x -62 | | 15 
33:05 36-60 | 40-30 | 43-00 47-00 51:80 53-60 | 
IX 35x-59 12 x 34x-50 12 x 34x34x-54 | 12x 4x 4X -58 15X4x4x-44 | 16 
37-40 41-20 | 45-30 50-20 53°70 57-60 62:15 
x 3hx-54 | 12K 4x4x-52 | 12X44 -64 ) 15x 4x4 x -44 | 17 
43-05 47-80 | 52-60 57-60 | 62-15 1] 
BX4x 4x +58 | 15xX4x4X-44 || 18 
50-20 56-50 62:15 LU 
| 15X4x%4x-50| 15x 4x 4X -60 a 19 
58-70 65-85 71-80 a 
bX4x4x-50 | 15X4X4X-68 | 17X4X4X-50 \5 = 
65°85 73-60 | 81-60 | | ona 
17X 4X4 -54 | I | 
76-00 84-60 | | wt 
a e - - | 
-_ ick ele | 22 
155 96-35 aes |4 | 
lix4x “75 11 | 
|| 88 
| |) e4 
EE a Ee ee eee ee Cee eee © See Pe a ee eee Vv 


Section moduli above are given to nearest ‘05 


NOTES.—TABLE 40 (concluded) 


(b) half the distance in feet from the mid-point of 
length as defined above to the top of the overflow. 


3. Correction for spacing. Where the spacing of the 
stiffeners differs from 24 inches, the modulus is to be modi- 
fied in direct proportion. 

4. Welded construction. When the bulkhead plating, 
boundaries, stiffeners and end brackets are welded and the 
stiffeners are not supported by horizontal girders, the modu- 


TABLE 40 


lus of the stiffeners may, in general, be reduced py 15 per 
cent, but due consideration is to be given to stiffness and to 
the rigidity of the structure to which the end brackets are 
attached. 


5. Riveted end attachments are to be in accordance 
with the requirements of Table 36. 


6. Particulars of sections and moduli are given in 
Table 56. 
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TABLE 41 HORIZONTAL GIRDERS IN OIL FUEL BUNKERS 


GIRDER I GIRDER GIRDER 


| 
| an om | 
| NUMERAL | NUMERAL | NUMERAL 
| WEB PLATE FACE AREA | WEB PLATE | FACE AREA | WEB PLATE FACE AREA 
Inches Square inches I Inches Square inches | Inches Square inches 
| 50 12 x +84 18. | 600 | 84x-49 62 | 950 48 x -46 9-8 
} 
100 16 x -84 2-1 | 550 36X42 | 6-6 1000 48 X -46 10-7 
| = | | bx: | 7 | 
150 =| 19x -84 2-9 | 600 | 37x -44 7-4 1100 49 X -46 12-0 
| oe oe | ah | | | 
200 | 22x -36 3-5. | 650 (| 389x-44 7:7 | 1200 | 52x-46 12-0 
| | 
= = | | es 
| | | | 
250 | 24x-36 | 4-0 | 700 | 41%x-46 8-0 | 1800 | 54%x-48 12-0 
| | | } 
| | rm hoe 
300 g7SCH8§ HL 4 PO AB 20d BP BB 100 7-60 12-0 
= | \|- sad 
} | 
350 29X38 4-5 | 800 | 45x-46 8:5 1500 60 x -50 12-0 
| | || | 
| “| FF : 
400 Oa: ee ae © ee <1 0) 47 X +46 6.4 
ee | | 2 | | | “a 
450 oy | : | 
| | ’ | } | SQLS 


NOTES.—TABLE 41 


1. Numeral= s’xdxH 
100 
where s = length, in feet, between centres of end brackets. 
d = depth, in feet, between the centres of the two 
adjacent spans of stiffeners or frames supported 
by the girder. 
H = the greater of the two following values :-— 
(a) the distance, in feet, from the girder to the top 
of the tank. 


(5) half the distance, in feet, from the girder to the 
top of the overflow. 


2. For tanks which exceed 30 feet in length the 
scantlings and arrangements will be specially considered. 


3. The face area of girders derived from the Table 
may take the form of rolled sections, flanged girder plates 
or welded face plates, the width of the girder being the 
extreme width of the web plate. 


4. For end connections and constructional details see 
D 2006 to D 2010. 
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HATCHWAY BEAMS 


TABLES 43 A anv B 


A—RIVETED 
WEB PLATE 
BREADTH OF BEAM SPACING « 7 at DOUBLE ANGLES 
HATCHWAY | oe be = __|ON EDGES OF BEAMS 
Feet Feet Feet Feet 
| 4 5 6 Ve 
oe Se ee ee ee ee 
10 11 x -30 113x-32 | 8X3x-40 
| 15 20 42 45 
i9 10 X -38 BP. 10 X -44 BP. 12 x -32 13x -34 | 8x3x-40_ 
26 28 48 54 
a 10 X -46 BP 12 x -32 14X-34. | 154-36 8X3x-42_ 
29 50 64 72 
1a 12 x -32 14 X -34 16 X -36 174-38 34x38 x -42 
54 68 82 93 
fa 14 xX -34 16 X +36 18 X -36 19}x-38 ERR Rokk 
76 91 107 120 
Peg we 15 X +34 18 X -36 20 x -38 22x38 | 4x8 x +44 
83 107 : lea 141 4 
29 16 X -36 19 X -36 | 22 x -38 24 x -40 | 4xX383x -50 
100 126 154 170 
- ae | 17 X -86 20x88 | 28 x -40 25h x42 | 5 Xx 8bx-46 
20. wel | ako | ages) Corp bee 
a | 18 X +86 21X88 24 X -40 264x-42 | 5 X 8$x-52 
142 175 210 241 
a | 19 x -38 22 X -38 25 x -40 28xX-42 = «6 X BEX-5O 
167 202 240 280 
ba 20 X +38 23x-40 | 26x-42 | 29x-44 6 x B5x-52 


15 20 24 
10 X 88 BP. 11x-30. | 
20 26 44 
11 x -30 11 X +30 12 x -32 
48 48 54 
11 x 30 12 x -32 14 X +34 
54 61 76 
12 x -32 igx-s4 | 16x36. | 
61 69 91 
124x-32 14x84 | 17x86 
71 83 109 
13 X -34 144-34 18 X +36 
84 97 128 
134-34 15 xX 3 19 X -38 
97 112 154 
14 X +34 16 X -36 20 X 38° 
112 138 179 
“15 X-84 17 X +36 21 X +38 
126 149 196 


12 X -32 
50 
134 X+34 
64 
154 X-36 
87 


17}X-36 


108 
18}X-38 
128 
19} X-38 
145 


204-38 


170 
214X-38 
196 
221 x-38 
214 


42 


ee 


414 


For notes see page 158 
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TABLE 43c 


HATCHWAY BEAMS 


C—WELDED 
| leone | 
} CORRECTION CORRECTION AREA OF EACH FACE PLATE 
DEPTH OF TO MODULUS BASIC TO MODULUS | SQUARE INCHES. 
peamoven |? ¥™ | per-osivce | yuanan | PER “10 INCH a tA 2a act ee “ 
FACE PLATES | ois cea | 7 ate HO “id _ THICKNESS aegside | 4 ack: | ee ee 9,5), 10 11 
THICKNESS THICKNESS MODULUS 
x “Inches ~ Inches _ Inches? | ~ Inches } Inches? ——— i) Fee ee) See ee Se Twches® aa PeaE CS | See eee 
8 “BD a) -60 1-0 23 30 36 
10 +35 7) -60 1:0 30 389 48 
12 40 1-0 70 1-5 49 60 70 
14 “40 16 -70 1-5 60 73 85 98 
i6 “45 2-0 -80 2-0 86 101 115 180 
18 “45 2-5 -80 2-0 101 T17 138 150 166 
20 “50 3:0 -90 25 184 158 171 190 207 
22 50 3-5 “90 3-0 152 178 198 218 283 254 
24 55 4:0 1:0 35 195 217 239 261 283 


*When the thickness of the web is increased the modulus is to be increased by the appropriate correction 
+ When the thickness of the flange is increased, the modulus is to be reduced by the appropriate correction 


NOTES.—TABLE 43 


1. Scantlings of riveted hatchway beams are to be 
determined from the Table as follows :—- 


For hatchways requiring coamings 24 inches in 
height (D2301 to D 2302), in vas ait 200 feet 


or more in length A 
in ships 100 feet or less in length : oy 
(For intermediate lengths scantlings are to be 

determined by interpolation.) 
For hatchways requiring coamings 18 inches in 
height, or less, except in cargo spaces eaB 
For hatchways in cargo spaces (see also note 4) ... A 
For hatchways in accommodation spaces ... B 


2. The Table depth of hatchway beams is to be 
measured at mid-length from the top of the upper 
mounting angles to the bottom of the Jower mounting 
angles or bulb plate. The depth of the ends may be 
half that at the centre but is not to be less than 
6 inches. Alternative arrangements may be adopted if 
suitable strength is provided at the ends of the webs. 
The larger flange of the mountings is to be fitted 
horizontally. 


3. Scantlings of welded hatchway beams may be 
obtained from C on the basis of modulus equivalent to 


Chap. D, Table 43 C 


0 a 


the requirements of A or B. The width of the face plates 
is to be sufficient to provide the minimum hatch bearing 
surface required by D 2312. 


4, Where the ’tween deck height in cargo spaces 
and trunked hatchways (see D 2329) exceeds 8 feet 6 inches 
the modulus of the hatchway beams is to be increased in 
direct proportion. 


5. For construction details see D 2309 to D 2315. 
. For riveting and welding see Table 52 H. 


6. Where built steel hatchway covers are fitted, the 
scantlings are to be in accordance with the following 
formule : 


Type A Type B 
(Note 1) (Note 1) 
Section Modulus of stiffeners 
(including plating) in inches* “04 SL? 03 SL? 
Moment of inertia of stiffeners 
(including plating) in inches’ ‘008 SL’ = 006 SL* 
Where L = unsupported span of stiffeners, in feet. 
S = spacing of stiffeners, in feet. 
Thickness of plating in inches 26-5 “24 +50 


Where s = spacing of stiffeners, in Mee. 
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NUMERAL 10 and below 
Inches 
30 3h 
40 4 
50 4} 
60 4h 
70 44 
80 5 
90 5} 
100 5k 
120 6 
140 6} 
160 63 
190 q 
220  B 
260 | 4a 
300 ae 
Bsa) fle, 9.200) 
400 94 
450 10 
510 104 
570 11 
640  biik 
720 12 
800 12} 
890 13 
980 ‘Capes 
1080. 14 
1180 4h 
1900 | Oo 
1400 154 


DIAMETER OF RUDDER HEADS 


SEA SPEED IN 


KNOTS 


TABLE 44 


NOTES.—TABLE 44 


1. Numeral.—(a) The numeral = A x D where : 

A = total area of rudder in square feet, including 
balanced portion, if any. 

D = distance in feet of centre of gravity of area A 
from the centre line of the pintles. 

(b) For balanced rudders the numeral is not to be less 
than 80 per cent of that derived from the part of the 
rudder abaft the centre line of the pintles. 

2. For rudders strengthened for Navigation in ice see 
D 1006, D 1014 and D 1022. 

3. Where steel complying with P1010 or scrap 
material (see D 2603) is used the diameter of rudder head 
is to be increased by 5 per cent. 
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12 14 16 18 20 22 
DIAMETER OF RUDDER HEAD 
Inches Inches Inches ; Inches Inches —— ‘Inches 
33 4 4} 
4 4b 4h | 
44 | 4g 5} a : 
4j 5 5b 
5 5} 53 | ‘a 
— a ; ae les ae 
5 bt 6} 6} 
bt 6t 6} 7 7 ; on 
6} 64 Te | 7 
64 7 7h | 8 8h 
7 74 a 8h ~ © Be, 
ae ae 8} 9 - 94 ce 
8 8h 9 9} 10 | 108 
8h 9 int ue io. || th it 
8h 9} 93 a ars i 
9} | 93 10} 11 114 12} 
c aa it | 10 #| 41 12 13 
10 104 eer Mase: 12k 134 
105 | 11 14 12} 13 14 
aiid ii.) - 2B 13 | 184 143 
Wy 12 1b |Ss«CB ee)! So at bs 
12 my 6B | 44 15 16 
> aC Cy  * Cs 16h 
13 134 4 15 16 17 
134 14 144 154 164 174 
vo 144 AB | 16} 17} 1s} 
14h 15 16 fan gee 18 19 
15 15} 164 174 18} 194 
Cy a ee (3 | 47 | 18 19 20 
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TABLE 45 


SINGLE PLATE RUDDERS 


ARMS—SPAOCED 48 INCHES BETWEEN CENTRES DrAGrerin 
DIAMETER OF RIVETS 
aa SPACED 
THICKNESS PLATE 4} DIAMETERS 
RUDDER HEAD, APART 
BREADTH a x CENTRE TO 
TABLE 44 AT ROUND AT END CENTRE 
MAINPIECE MAINPIECE 
Inches Inches | Inches Inches | Inches Inches l Inches 
| 
3 3 2 13 i 78 | 5 
4 4 23 1¢ 3 -80 1 
| | | 

5 5 23 2h 1 82 | ly 

6 5k 3} 2} 1 84 li 

7 6 33 2h 1 86 lk 

8 64 4 23 1 -88 1} 

9 i 4} 3 1 90 1t 
10 74. 43 3} ly +92 1} 
11 : 8 5 3} 1} “94 1} 
12 8h 53 38 1} 96 it 

— Fe eet re 
13 8} a4 3} | | 1} 
: e = —---p ---- | 
14 ars ek: 6 | 3% 1} | 98 1} 
l} 
15 94 6t - 4 Et | 98 | 1} 
| Hl 


NOTES.—TABLE 45 
Corrections for spacing of arms.—The breadth of 
the arms is to be modified directly as the spacing. 


The thickness of the plate is to be modified with the 
spacing at the rate of -0l inch for every inch increase or 
reduction from 48 inches. 
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TABLE 46 


DOUBLE PLATE RUDDERS 
SIDE PLATES 


SPACING OF ARMS BETWEEN CENTRES 


| SOLID FRAMES 


INCHES 

DIAMETER Eee ee ——— 
FORGED & CAST FRAMES 

OF ti xe z = DIAMETER OF 

RUDDER HEAD 48 | RIVETS SPACED 

TABLE 44 = —— —_— 44 DIAMETERS 

PLATE FRAMES APART CENTRE 


TO CENTRE 


Inches 


NOTES.—TABLE 46 


1. Plate thickness—When the ratio of the fore and 
aft dimension to the vertical dimension of the unsupported 
panels of plating exceeds 3:2 an additional vertical 
diaphragm is to be fitted. 


The thickness of side plates of rudder with a plate 
frame may require to be increased in way of the vertical 
webs which replace the mainpiece. 


The thickness of the nose plate is not to be less than 
that required for the side plates at a 48 inch spacing of 
plate frames. 


2. Plate frames.—Horizontal webs and vertical webs 
not replacing the mainpiece are to have the same 
thickness as the side plates, but the plates forming the top 
and bottom of the rudder are to be of increased thickness. 


Vertical webs replacing the mainpiece are to have 
a thickness equal to twice the Table thickness of side plates 
for 30 inches spacing. 
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TABLE 4/7 


ONE OR TWO PINTLES 
BALANCED OR UNBALANCED RUDDERS 


RUDDER PINTLES 


es } SEA SPEED IN eayste ‘ | vor 
suprortep) 12 | 44 16 18 20 20 SUPPORTED a 
(See NOTE 1) |-824 below | Pe (See NOTE 1) | “7S °C OW 
DIAMETER OF PINTLES 
Square feet| Inches Inches Inches Inches | Inches | Inches Square feet | Inches 
10 3-0 3-4 3-8 10 | 24 
20 4-2 4-7 5-2 
— - os ——- 20 3-8 
40 6-0 6-2 6-6 7-4 8-2 ~ | 
60 | 7-4 7-4 7:8 8-6 9-6 30 | 5-0 
80 8-0 8-0 8-4 9-2 10-4 11:8 
ae eee ace (mote =. “ 40 6-0 
100 8-6 9-0 9-8 11-0 12-8 = =. 
120 9-2 96 | 106 | 120 | 188 50 6-8 
9-8 2 11-4 12-8 14-8 
140 10 : ai a 
160 11-0 12-2 13-6 15:8 
180 11:8 13-0 14:8 17-0 
200 12-6 13-8 15:8 18-0 
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NOTES.—TABLE 47 


1, Area supported.—When there is one pintle only 
the area supported is that below a horizontal line half way 
between the pintle and the top of the rudder. 

Where there are two pintles the areas supported are 
those bounded by a horizontal line midway between the 
two pintles. 

Where there are more than two pintles the area 
supported is to be taken as the total area of the rudder 
divided by the number of pintles. 


2. Pintles——The diameter of pintles obtained from 
the Table is to be measured outside the liner, if fitted. 

The bearing length is to-be 20 per cent greater than the 
diameter except that, where three or more pintles are 
fitted the bearing length of the bottom pintle need only 
be equal to the diameter. 

The length of pintle housing in the rudder gudgeons 
is to be 20 per cent greater than the diameter of the pintle. 

Pintles are to be fitted as taper bolts, the taper not 
being greater than 1 in 12 on the radius. 
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THREE OR MORE PINTLES 
UNBALANCED RUDDERS 


SEA SPEED IN KNOTS 


14 | 16 18 
DIAMETER oF PINTLES - 
Inches | Inches Inches 
2-8 | 3-2 
42 | 46 
| | 
5-4 5:8 
6-2 6-6 7-4 
6-0-—"|— 7-2 8-0 
7-4 7:8 8-6 


Inches 


9-6 


COUPLINGS OF RUDDER HEADS 


TABLE 48 


HORIZONTAL COUPLING | 


VERTICAL COUPLING 


tf 
i 


SCARPHED COUPLING 


WIDTH OF SCARPHS 


6 BOLTS 8 BOLTS | 
DIAMETER | = 7, aan = =F —____———— 
af ay BE peed or | DIAMETER DIAMETER | LENGTH | eae | 
TABLE 44 CENTRES I a WIDTH ial oF | 
sae ng a pea sere SCARPH AT TOP AT BOTTOM : DIAMETER 
AaTaetOr OF OF ‘OTAL IN TOP ROW 
COUPLING FLANGES FLANGES 
Inches Inches Inches Inches ae Thakes ! ae id Inches Sais =| ee 7 luches _ 
So 1 Pree 7 pap teh = 
si Li i in oa i Ba onl fae Fn 
4 | 4 1} he ; oe = _ 
4 |. 4t uy hg aoe oe oe. ie : art 
44 | 44 13 12 12 134 9 15 = 2 14 
a) | 4 | i | 2. in ish | is i fs ae a a 
5 | 44 13 12 is 134 9 ee ao tt | 1g 
bt 44 14 2 re 135 9 is 6 2 i 
BS a. | 12 14 14 94 15} Saree: 14 
= a Bt a Oo 1; | 14h 10 16 6 2 13 
Bas Ce ee ee ee |: 103 16} 6 2 4 
a er a ar: ae eT 13 153 rT 174, 6 2 2 
oa er ee 1} 144 an 13 18 6 2b. | eS 
6} 6} 1% ee a 17 12 aoe = fA 2h 
7 64 2 153 y ae a te a ee 8 7 
7S 64 ot 16} 2b 18 123 20 Fr tet ell, eee 
my | 7 fs ct; ta 24 18% 13} eh pe Sees: ot 
[| ee ot 17} 20 | ok 13h 214 | 7 a: ' TAS ey 
c boas a ae: 23 | 20 14 Tie hae: 2 2} 
eS 2h te eee 15 TRS ae, 2 oh 
a a: 2 | 0 yn 153 25 ae 2 28 
9h 8h 6 ee ee a ee ee ae 163 26 7 Fil pelt 2} 
Ce 8 | 22% 3 25 174 27h q.- 2 24 
105 | oh | kh 3h 26¢ | 18h Tit Stara 
ut id 3 3} 243 3t 274 194 30 8 2 8 
115 Ce ee EY 33 283 20.2 | ~S81h fied eh 3} 
12 103 83 | 87 83 | 80 21 2««| ~—88 8 20 iy 
125 | 113 ae ae ee ae eS 31} 25 344 9 3 3t 
18 ly Bt | 29 33 82h 26 36 9 3 3t 
13} 12} 8% 30 33 | 83h 27 374 9 3 33 
AEs: 125 4 314 4 | 85 28 39 9 3 35 
14} 12 ad 32h 44 | B6y 29 40 me 3 3h 
15 134 4t | 38h) | 4t | 87h 30 41 9 8 iy. 


| It 
NOTES.—TABLE 48 
1. The width of material in the flanges, or palms of 


scarphs, outside the bolt holes is not to be less than two 
thirds of the diameter of the bolt. 


2. In scarphed couplings the athwartship dimension at 
the top of the scarph is not to be less than the diameter of 
the rudder head. The thickness of the tips of the palms is 
not to be less than thirteen per cent of the diameter of the 


rudder head. 
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TaBLE 49 


STEERING CHAINS, RODS, QUADRANTS AND TILLERS 


DIAMETER BOSS OF QUADRANT . QUADRANTS AND TILLERS 
oy nupen 5 jpn h CA “oF Sizes of arms at twice the diameter of rudder head from centre of 
HEAD IRON CHAINS RODS QUADRANT ae Outside rudder head : 
TABLE 44 eanee= One arm Two arms Three arms 
Inches a le Tstion al Brinch Feet Inches ” incre Inches Ra Inches Inches Inches 
34 1s : 3— 2 34 6} 34 Xx 24 
> SS Pee cre a er ae es 

4 + -[-— R ee ee ee ee ee 4g x 2h i 
ee Bae ARE 8— 5 at | 7 4 x 23 PabTR ad Bor 
came | a heed fase 2 Pw nee Oa Bl pa a) on | ee 5 x 2} | 8h x at 

4% i 13 ae eee 43 84 by x 23 4 x 24 

—— BT 3 Ht 3— 8 5 9 a co eas a 
Bt i ae tae a ci ot hr es 4b x Ob 
Cn 18 4% | .s—10 .] oY |, of 6 x st | 42 x a — 

5} i Le ee ee: Se 6t x 3t 5 x 2h = 

6 -s Tey 4— 0 6 |  10$ 64 Xx 3h bt x 23 

6s PT oe ot vor. eee 63 x 3h bk x 24 

cS el l's 4— 2 ey | (1g ie oe - ees | eet Se a , 

afi Ty a) omnes TSU Goan 12 7k x 33 53 x 8 

om ane Str aie 2 oe 12h | wx 4 ee eee Cae : mar? 

7t I's \t 4—5 | i) Cea 73 x 44 “6 x 3t 

i i ome RE iy | 4-6 a eee | 8 x 4h 6t xX 3} 

+ 3-8 1} Sa Risse tee Seep PP 1 st x 44 | 6h x 83 =" 

8 lve 1g 4-8 | 8 a 6h x 4 Bi x 3h 

8} lt eae 6-0 “8h 15t 9 x 5 os Som 6 x 3} 

o bik lye irene —g —|— Tey 94 x 5} 7h x 4} 64 x 33 
gh io He ae ae ae 17 10 x 5h 8 x 4} i oe 
es ake aoa p30. t 105. sh. 18. 10h Xx 6 8h x 44 hx 4 

10h 4% | . 6-4 104 19 11 x 64 9 x 4§ a ae ae 
a Ste i Pe a 193 11k x 63 oh x 5 8h x 4] 
1b 1g ie 7-0 | 1 | ~~ 20% ee a ae | eee 8h x 5 

i2 | og i = 4 tte Poa it | 12h x 7h 10} x 54. oR 

Co ee cee Oe Se 7— 8 12 > a ins a | a %xX5 

1a — | —~4- gag 13 234 13k X 7h lit x 53 10 x 5 

13) s—0 | 13} 244 14 x 8 ys x 6 10. =x St 

14 = Sn Core Same 14h x 8 ee 10h x bt 
14} ~ 3— 0 ~ 14). 1 BGR 15 x 8} 12} x 6} 108 x 54 
= AS wm 8— 0 GLAS eke pk CRT Lnlal lee IBEX IRE 123 x 6} tm 
pe, _ SED EM (ERR ES COP ine UD 5 Seed sala | DOR pe 1 lesen | De oi A. aM IN 


NOTE—TABLE 49 


Where special steel short link chains (see P 1701 
Grade III) are used, the diameter given in column 2 above 
may be reduced as follows:— 


Table size Reduction 
inches inches 
12 and below re 
ee 11% } 
1} — 1; 16 
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BOLTS FOR BOLTED TILLERS AND QUADRANTS TABLE 5O 


were ONE BOLT EACH SIDE TWO BOLTS EACH SIDE FOUR BOLTS EACH SIDE 
OF RUDDER ; ee : a THICKNESS 
ana | Paes & | a oourniitg 
imal Diameees elas tr esas Eas Sabie to bent re ! SESE ciaige toemaned Pte ane 
| | | 
Inches Inches Inches Inches Inches Inches Inches Inches Inches 
34 4 | ll | 1} 10 | 3 | 8h 134 1 
| | 1} 
: ! 2 ———| Mewes ae ee ee = | : 
4 1} 12 1? 11 | 4 9} 15 1b 
43 2 13 ] 14 12 1 | 10} 164 13 
5 2} 14 | 13 13 i 114 18 1j 
— — = a ee ee | ad as a) St = 2 
5} 2k 15 14 14 it 12} 20 1} 
6 | 23 164 2 15 13 134 22 2 
| 
64 3 18 24 16 14 15 24 2 
7 34 | 19 2} 17 | 1g 16 254 2t 
7 34 | 204 | 24 18} 13 17 274 2} 
8 33 22 2s 20 | 1} 184 294 24 
Nee |_— £ 
I I 
8} 33 23 ! 23 21 | 2 | 19} 314 24 
= \} ~ = | a 
9 4 24 24 22 2h 204 334 23 
| 
9} 3 234 24 214 344 | 23 
| = ——— =i —|| —— = an Pee eee = a ee 
10 3t 244 | 24 224 36 3 
He E || a es a Ras =. 
10} 33 26 | 23 24 38 3 
11 | 38 27 24 25 40 3 
114 | 33 284 28 26 42 3 
12 34 294 23 27 | 434 3} 
13 4} 32 | 3 29} 47k 3} 
oe. _| 7 = I | = 
14 44 344 | 3} | 32 51 3} 
Se Ae ie —— 
| 
15 43 37 33 34 54 3t 
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MASTS AND DERRICK POSTS 


DIAMETER AND THICKNESS AT DECK 


STAYED 


WORKING LOAD OF DERRICKS 
LENGTH OF MAST 
NO DERRICKS —— a : 
OR POST 4 8 

TONS TONS 

Feet Inches Inches Inches 
30... 12 X -24 18 X -30 20 Xx +30 
35 14 X +26 20 X +80 22 X -32 
40 16 x -28 22 x -30 24 x +84 
45 18 X -30 23 X -82 25 X +36 
50 20 X +32 24 X -34 26 X -38 
55 22 X -84 26 Xx -38 28 x -40 
60 24 X -36 28 x -40 30 x -42 


UNSTAYED 


LENGTH OF MAST 


WORKING LOAD OF DERRICKS 


~OR POST 


4 


TONS 


8 


TONS 


Feet 


tS 


Inches 


Inches 


NOTES.—TABLE 51 


1. Length of mast or derrick post is to be measured 


from deck to hounds. 


Tops of small mast houses and 


derrick plates are not to be regarded as the deck for this 
purpose, unless the structure is adequately strengthened. 


2. Working load of derricks is defined in D 280} 


to D 2802. 


3. The diameter and thickness of masts and derrick 
posts at the hounds are to be 85 per cent of the scantlings 


at the deck. 
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RIVETING AND WELDING 


TABLE DZA 


A 
DIAMETER AND SPACING OF RIVETS AND BREADTHS OF END LAPS, BUTT STRAPS AND SEAMS 
| Inches Inches Inches Inches Inches Inches 
above above above above above 
36 50 “72 94 1-14 
THICKNESS OF PLATES :— Not and not and not and not and not and not 
exceeding exceeding exceeding | exceeding exceeding exceeding 
36 ‘50 ‘72 94 1:14 1:26 
DIAMETER OF RIVETS :— 4 H Z 1 15 ] 4 
SPACING IN DIAMETERS. SPACING IN INCHES 
3 2} 23 33 35 4 43 
4 2h 3 3} 4 44 5 
4} 24 33 4 4} 5 58 
5 3} 33 43 5 5g 6} 
5} 3h 45 45 55 63 = 
6 pe 8 oh ag 6 6% = 
6} 4 a 53 64 “i at 
7 4h 5} 6} 7 = = 


BREADTHS OF END LAPS, BUTT STRAPS AND SEAMS 


Inches 

| Single riveted ve 24 

| E ose e 
Double riveted os 4} 

| iRisbie sivetsa hk 6 ri 
Quadruple riveted... . a ‘ 

| Quintuple riveted —... _ 
Single riveted mA 4} 
Double riveted a 3 8 


Treble riveted Be — 


Quadruple riveted — ... _— 


Single riveted “pe 24 


Double riveted ws 33 


- SEAMS——>|<—BUTT sTRAes* —>|<—— —_END LAPS—— —-> 


Treble riveted a = 


Inches Inches } Inches | Inches Inches 

3 — | — ae — 
— oe oe x “ 
eS == 
7k 9 ie? ind 12 134 
—_ 12 14 16 18 
= 15 174 Lewd 224 
| 

5} | _ — — —_— 
93 11} —_— —_— —_ 

14} 163 19 214 24 
— 22 25 28} 314 
24 3 34 — — 
4h 5] 6 63 74 
— — 8h 94 104 


* Single butt straps are to be 25 per cent thicker than the plates to be connected. 


Where double butt straps are fitted the thickness of the countersunk strap is to 


be 70 per cent and the thickness of the strap on the opposite side is to be 60 per cent of the thickness of the plates to be connected. 
NOTES.—TABLE 52 A 
1. The diameter of rivets in seams of keel, sheerstrake, deckstringer, middle line strake of inner bottom and margin plate is to be 


regulated by the thickness of the adjacent plating. 


2. Rivets are to be kept sufficiently clear of edges of plating and of each other, and the distance from the centre of rivet holes to the 
edges of the plating, end laps or butt straps is not to be less than one and a half rivet diameters. 
3. The distance between the centres of consecutive rows of rivets is to be three and a half diameters in end laps, three diameters in butt 


straps and two and a half diameters in seams. 
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TABLE na B RIVETING AND WELDING 
. B 
END LAPS AND SEAMS OF SHELL PLATING 


THICKNESS | END LAPS AND BUTT STRAPS 


Breadth. Spacing 
| of rivets | 
j centre to 
End laps | Butt strap centre 
} | 


Type of end 
lap and 
single butt 
strap 


Not Diameter 


exceeding | °F 


Inches Inches | y Inches Inches 
| 


Single _ 
Double Double 
Treble ; ; Double | 
Treble : ys e Double 

Quadruple | ge | 22 4 Double | 
Quadruple faa : Double 


Quintuple | 3 5 a Double 


Quintuple Z | Double 


“36 £ Double 
19 | Fh Charlene 


“50 


Sheerstrake for -41. amidships. See Note 4. 


Bottom plating from keel to upper turn of 
bilge for -4L amidships. 


Keel plates. See Note 4. 
Boss plates. 


Poly) Gel ma | || paler] 0 


| 
i =" 


— 


Quintuple 


bo 
~~ 


Double 
Double 
Treble 
Treble 
Quadruple 


| 


ee . 


~ Double 
Double | | 
Double 
Double — 


09} 


Sheerstrake at ends. 


Bottom plating from keel to upper turn of 
bilge at ends. 


oo 


|aelm3}ae|ma pale] ales) anjon Pps acl 


eo 
toto 


_ 


Quadruple 


ro] | 


Single 


= 


Double 
‘Double. 
Treble 
Treble 
Quadruple 


| 
<| 0O 


Single 

Double _ 
Double 

Double 
Double — 
Treble 
T reble 


RIC teleo aol on 


a > 
Seep ee 


Side plating from upper turn of bilge to 
sheerstrake. 


bo 


jansjad—a) 


Quadruple 


Quadruple 


| 
momwmnwmnwee = 
o 


col er 
_— 


Quadruple 


NOTES.—TABLE 52 B 


1. Treble riveted double butt straps may be fitted as an alternative to quintuple riveted end laps. 

2. The number of rows of rivets in seams all fore and aft is to be regulated by the thickness of plating amidships. (Except as covered 
by notes 7 and 8.) 

3. Seams of side plating in all ships exceeding 275 feet in length are to be not less than double riveted. (Except as covered by note 8.) 

4. In seams of keel and sheerstrake the diameter of rivets and type of seam are to be regulated by the adjacent plating. (Except as 
covered by note 8.) 


5. For number of rivets between frames in seams of shell plating see Table 52 E. Where the form of the ship, forward and aft, is 
curved the spacing of the rivets is not to exceed 44 diameters. (For special requirements for ships above 500 feet see note 7.) | Where longi- 
tudinal framing is adopted the spacing of rivets in seams of shell plating is not to exceed 4} diameters, or 4 diameters in way of the strengthening 
of bottom forward. 


6. For riveting in way of strengthening of bottom forward see D 808. For riveting in oil fuel bunkers see Table 52 H. For riveting 
in way of strengthening for navigation in ice see D 1004, D 1012 and D 1020. 


7. In ships above 500 feet in length in the three seams nearest to the neutral axis and for one-fourth of the ship’s length in the forward 
and after bodies the following additions are to be made :— 


Above 500 feet and not exceeding 525 feet an additional pair of rivets is to be fitted in each frame space. 
Above 525 feet and not exceeding 550 feet two additional pairs of rivets are to be fitted in each frame space. 


Above 550 feet and not exceeding 600 feet one seam, and in ships exceeding 600 feet two seams, are to be treble riveted, two 
additional pairs of rivets being fitted in each frame space in the other seam or seams. 


In all the above ships one additional pair of rivets only need be fitted in way of 27 inch frame spacing. 


8. In ships where the draught does not exceed -7D (D being measured to the uppermost continuous deck) and the riveting required 
by Table 19 for the strength deck stringer angle is single, the lower edge of the sheerstrake may also be single riveted. 


9. Seams of long bridges may be single riveted where the riveting required by Table 19 is single but are to be double riveted for 
four frame spaces at the ends. 


10. Seams of poops, short bridges-and forecastles may be single riveted. 


_ Il. In single riveted seams the rivet is to pass through the frame. In double riveted seams one frame rivet (that adjacent to the 
caulking edge) is to pass through the seams at each frame except where the frames or edges of the plating are joggled when both rivets are 
to pass through the frame. In treble riveted seams two frame rivets, the upper and the lower, are to pass through the seams at each frame. 
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RIVETING AND 


C 
END LAPS AND SEAMS OF DECK PLATING 


WELDING 


TaBLe 52.06 


THICKNESS END LAPS AND BUTT STRAPS SEAMS 
S 2 
ITEM | Type of end Breadth Spacing 
| Not Diameter ap a | 
Above | exceeding ect sacle make =. 7 via gg Ags Breadth 
rivets strap End laps Butt strap centre 
Inches Inches Inches | Inches Inches Inches Inches. 
foot! _ 86 | § | Double | 4+ | 8 23 
36 | 42 # | Double | 5 95 3 = 
“42 “50 4 | Treble 74 14+ 3 Stee 
$e, ae nae : * om 7 108 
Strength deck stringer plates for ‘41h ete 68 ¥ US EE See: _ 3s 
amidships. j ss =25 Quadruple | 12 | 22 3h note oe wae 
ak an aia ad atl DA Le PRE RES 
ES hae Quintuple | 17h 45 : eee 
Ses i] Jee? 1} — Quintuple | 20° SESE 
| 114 1°26 1} Quintuple | 224 5§ 
| | 
| eT eae  ae 8 2 
| 36 | -42 | § | Double 5 93 33 : (ie 
; , | ‘42 | 50 | § | Treble 74 14} 33 nee 
Strength deck stringer plates at ends. 50 6 a ea WT eS 
Lower deck stringer plates. 68 a ar | Quadruple | 12 | 22 | 4 note 
Deck tie plates. a oe ee a ee Quadruple 14 | 25 =! 2 Si 
o4 | Vid | __1y_|__ Quadruple | 16 | 28% | 5 t 
114 | 1°26 1} | -~— Quadruple 18 | 314 5s 
ie) 2S letg tel | $ | ___ Double if 4} 8 24 Single 2} 
| °36 48 4 |___ Double io _ 94 _ 8 |_- Single | 24 
| 48 50 | 3 Treble | 7 14} Single 24 
4 | cA x 7 a 7 Hh ca ‘i I " 
Strength deck plating for -41. amidships. Fete 68 — me 163 85 |_CBingle | 8 
5 68 “72 a _ Quadruple 12, | (22 38h _|__ Single 3 
eee: Ae aS Oe Quadruple _14 _ 25 2 Single 3 
‘76 94 | il Quadruple 1 25 4 Double 6 
| 94 114 | 1} Quadruple | 16 28} 4h Double 64 
| 
TT | ——— pon 
| | ; 36 _ Double __4t 8 23 _ Single 2} 
maa + eae | +86 48. | § Double | 5 | 98 33 Single 2 
Lower deck plating for “41, amidships. | 48 | 50 | 4 ae Ae om is} j 33 =a : 24 
“50 ae ee Treble 9 16} 4 Single 3 
| | 
| —36_| § | sine | 2 | 4 | 2 | singe | 9h 
| 786 42 | i | Single ae 54 33 | _ Single 24 
Deck plating at ends. 42 | 50 + | Double poe Te: 3 33 Single 24 
| *50 soe _ |___ Double | __ 6 | 11} 4 | _ Single 3 
| °54 68 % | Treble 9 164 4 Single 3 
| 
NOTES.—TABLE 52 C . 


1. Treble riveted double butt straps may be fitted as an alternative to quintuple riveted end laps. 


2. In seams of stringer plates the diameter of rivets and type of seam are to be regulated by the thickness of the adjacent deck plating. 
3. For number of rivets between beams in seams of deck plating see Table 52 E. The spacing of rivets in seams not parallel with the 


middle line of the ship, and in seams over deep tanks and oil cargo tanks, is not to exceed 44 diameters. 
adopted the spacing of rivets in seams of deck plating is not to exceed 44 diameters. 


Where longitudinal framing is 


4. Where the riveting is not otherwise required to be increased the seams and butts of deck plating over oil fuel bunkers may be single 


riveted if not more than 28 feet below the top of the overflow; elsewhere the riveting is to be double. 
5. For riveting of stringer angles on strength decks see Table 19. 
6. Butts of deck plating within line of openings need only be single riveted. 
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For riveting of stringer angles on lower decks see Table 52 F. 


Chap. D, Table 52 C 


TABLE? 2D RIVETING AND WELDING 


D 
END LAPS AND SEAMS OF DOUBLE BOTTOMS 


THICKNESS | END LAPS AND BUTT STRAPS | SEAMS 
ITEM Type of end Breadth Spacing | 
amare Not | open a lap and | = | of rivets | Type of | een 
exceeding siveta single butt =| centre to seam ceadt 
| strap | End laps | Butt strap centre 
=— aes we Psa OS ho = =" Pe Sees — ae ee sae | 
Inches Inches Inches | Inches | Inches | Inches | Inches 
| 
| 36 g Double 4} 8 24 Single 2} 
| | Z | ‘ 
| | 
36 48 3, | Double 5 oe, oe oe Single | 24 
fs . | | =a 
Inner bottom middle line strake. we _| Eat — | = 
. . | 
lating -4L, amidships. | : ne | 
Inner bottom plating for “4 I “48 “DO 3 Treble fi i, 14} | 3 Double 4}, 
Margin plates. 
Centre and side girders (butts). | | 
DO 68 H Treble 9 164 3h Double 5} 
- r= | ees L | 
68 “72 cf Quadruple 12 | 2a: 35 Double jth S54 
“72 "94 1 Quadruple 14 25 4 
| 
36 4 Single 24 4h 24 Single 2} 
“36 “42 3 Single 3 5} 3 | Single 24 
; ‘ a | 3 | an * 
42 48 4 Double Hy) | 93 3 Single 24 
: ' | | | 
Inner bottom plating at ends. ~ ——— 
\| +48 “50 3 Double 5 | 9 | 8 | ~ Double 44 
| 
D0 “D4 7 | Double | 6 | 114 35 Double | 5} 
| 
pe |-— 
54 68 i Treble | 9 | 164 85 | ~~ Double 5} 


NOTES.—TABLE 52 D | 


1. In seams of middle line strake of inner bottom and margin plates the diameter of rivets and type of seam are to be regulated by the 
thickness of the adjacent inner bottom plating. 

2. Where oil fuel is carried in the double bottom and ceiling is not fitted completely over the inner bottom the seams and end laps are to 
be not less than double riveted. 

3. For number of rivets between frames in seams of inner bottom plating see Table 52 E. The spacing of rivets in seams not 
parallel with the middle line of the ship is not to exceed 4 diameters. Where longitudinal framing is adopted the spacing of rivets in seams of 
inner bottom plating is not to exceed 4 diameters. 
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RIVETING ANR WELDING TABLESCE3E” BE Anber 


NUMBER OF RIVETS IN SEAMS OF PLATING BETWEEN FRAMES AND BEAMS 
EXCLUDING RIVETS IN FRAMES AND BEAMS 


| THICKNESS OF INNER BOTTOM 


THICKNESS OF SHELL AND DECK PLATING IN INCHES PLATING IN INCHES 
Above Above Above Above | Above Above Above 
Not Not 
s 36 ‘50 72 ‘94 1-14 36 -50 
exceeding and not and not and not and not and not exceeding and not and not 
exceeding exceeding exceeding | exceeding | exceeding exceeding | exceeding 


FRAME OR 36. -bO 72 .94 1-14 | 1-26 36 -5O 72 


BEAM SPACING 


DIAMETER OF RIVET IN INCHES DIAMETER OF RIVET IN INCHES 


F 


NUMBER OF RIVETS BETWEEN FRAMES IN 

EACH FLANGE OF THE ANGLES CONNECTING 

STRINGER PLATES TO SHELL AND INTERCOSTAL 
GIRDERS TO SHELL AND INNER BOTTOM 


5 3 7 1 1 | 5 3 
8 4 8 1 lg 14 8 4 


| oma 


INCHES NUMBER OF RIVETS IN EACH ROW NUMBER OF RIVETS IN EACH ROW 


DIAMETER OF RIVET 


IN INCHES 
FRAME SPACING 
5 3 ie 1 
8 4 8 
INCHES 
Above Not NUMBER OF RIVETS 


exceeding 


— 24 5 4 4 


24 27 6 | 5 5 4 


27 380 vi 6 5 5 

80 33 ie ae fi 5 

33 36 if 6 

: | 
= a For strength deck stringer angles see 
; Table 19 
= a 8 b eee Bee 
30 ‘ oe en ee a el | ees ee Te 

80h 8 re re 8 8 
—— 9 tient 6 5 5 8 
31h | | we ad ae: 6 5 ctl x 
= — eee } es 
32} 7, & | tel, Pee a 
33 bel 8 4 ee: 12% 
_ 83), : 38 7 6 | 8 oe! 
34 A gs ob a: 
345 8 7 i 6 ke a ; 9 
35 " " 7 ae: Pa Ti | ¥ ; 9 
354 | oo 6 = 9 
36 8 7 6 6 | 9 
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TABLE 52 G RIVETING AND WELDING 
G 


TYPES OF WELDING 


SIZE OF FILLET WELDS 


LEG LENGTH 


| so. _ 


PLATING THICKNESS 


Type 1 Type 2 Type 3 
Inches cat she etd ees eos rEocoama ies 4 3 
-20 22 “18 18 
+30 rasa 26 / i +20 fre x0 18 rd 
i -40 oat anal | 71cn | +24 ti 18 : 
2 Renan |= 34 ji ae 
oes ms rik we Bld ok +32 ; i 


NOTES.—TABLE 5264 


1. Size of fillet is the minimum length of leg. The throat thickness of the weld is to be 70 per cent of the leg length. 


2. Leg length is to be governed by the thickness of the abutting plate or web. Where the difference between the 
thickness of the parts to be joined is considerable the size of the fillet will be specially considered. 


. Leg lengths for intermediate thicknesses to be obtained by direct interpolation. 
. Minimum leg length of fillet weld to be -18 inch. 


m CO 


i 
| INTERMITTENT FILLET WELDS 
STAGGERED INTERMITTENT (S) 
Type 1 
(To be doubled at ends—see D3114) A 
| : ‘ 
} CHAIN INTERMITTENT (C) 5 ea | | 


Type 1 re 3 | 
SCALLOPED FRAMES, LONGITUDINALS, : ; 
STIFFENERS, ete. WITH DOUBLE FILLET 


| WELDS 
| Type as per Table 52H 


Welding to be carried round the ends of all lugs 


. 
| 
— ies, 
Radius not less + wears Dae — 
es | 


than 1 inch. 
Depth of scallop not greater Length of end lug not 
than ‘25D or 3 inches whichever less than depth of 

is less. scallop plus 3 inches. 


vw 
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RIVETING AND WELDING TABLE 52H 
H (SEE CONTINUATION) 


DETAILS OF VARIOUS STRUCTURAL CONNECTIONS 


The breadths of flanges of connecting angles are generally to be not less than four times the rivet diameter for rivets up to 


? inch in diameter and three and a half times for rivets 1 inch and above in diameter. 


The distance from the centre of the rivet hole to the edge of the angle is to be not less than one and a half rivet diameters. 


RIVETED | WELDED 
ae sane INTERMITTENT FILLET WELDS 
rm ctAGIG OF riStbe Webs sragoxnmn on onarm | DOVRIM IEEE wron exon 
| TO CENTRE 1 |——_—— - — - — 
ee Type Atl Type 1 rningnen Tyne a centre to centre 
{ cal ; - Inches “Inches 
TRANSVERSE FRAMING | 
¢ Spacing not over 29 inches oral 7 S 7 3 | 91 
| » over 29 inches and up to 32 eee 64 8 64 | 3 | 10 
Hold frames ) i Does eet CLO mee 6 i} | 6 2 | 9 
to shell 6 ey ae 54 Ss 5 2 9 
in deep, oil fuel and peak oaks aad’; in SORTER 
Legion (D 9).. see zee ae Saeal 5} s 5} 2 9 
Reversed frames to frames 7 
Frames to tank side brackets—spacing sot to ermal? 7 diameters See Table 11 
‘Tween deck frames to shell ¥ ; 7 § 7 3 9} 
Intermediate frames to shell (D 1004, D 1012 aa D 1020) .. ae | 7 s 7 3 93 
f Spacing not over 32 inches 7 8 7 3 95 
except in way of keel 
Riitom tramnea to | » Over $2 inches and up to 84 inches 64 S 64 3 us le = 
till and foorsor¢ ge amg ; : , 
plates to shell | exceptin way of keel 
* or Si aks oO 2 9 
| in the forward -251, nti oe oe 54 ened 3 l 12 
Floors and cross ties to frames in fore peak... aa sie 6 8 6 2 9 
- “ % = Pade Sp Bods se spe 5 S 5 2 94 
LONGITUDINAL FRAMING | 
Bottom frames to shell and floors, or floor pee to shell | 
(see also D 519) oo 5 { s 5 2 93 
Bottom frames to shell and en or feor slate ‘ccaicell when ill aa peucanmedast 
spacing of floors exceeds 8 feet os ane nae ry D s D 2 95 
C for 2 spaces at end- | continuous at ends 
Bottom longitudinals to shell in the forward -25L_ ... ve 54 S iy 0) 9 
” A 7 remainder ... aT. sit 6 s 6 2 9 
DOUBLE BOTTOMS les ve, framed) 
Centre girder to keel 5 S.R. | oir mitanight CG 5 
~ K ‘i ss ¥ 6hpe. |S 
i ., Inner bottom fanetit in W dvat centre eae bulkhead) 7 1) 2 it watertight! C | 6 in engine space and under thrust 
Centre girder to inner bottom (in way of centre line bulkhead) 5 ) | @ elsewhere 
iS Under engine, thrust C 5 1 14 
Floors to centre girder ... aa ete bas Boe rr 5 i Be a eae ot ee g 5 2 93 
Floors to intercostal side girders... ... Pc eee AG 7 S a 3 9} 
Intercostal side girder to shell ... ae 1) S 6 2 9 
as “ » inner bottom under engine att rae ust >See Table 52 F GC 6 1 12 
» 5 ) - elsewhere ai S 7 3 9} 
Reversed frimes to floors and inner bottom or floor plates to|| 6DR. | Under engine anjd thrust (1 6 1 12 
inner bottom ... ng oo — one fly BTS pinieniees Ss 7 3 94 
(For bottom frames to shell and floors or floor pinted to shell see Transverse framing abojve) 
Margin plate to shell... are oes oe 4} 2 
Margin connection to tank side hae and hoor a «+» See Table 11 Generally 1 in panting, 2 elsewhere (to depend on) design) 
Boundaries of watertight and oiltight floors... o. ae 5 | 1 
Stiffeners . 5 ac oa 2 5 | s 5) 2 9) 


Riveting and welding in way of heavy oil engines—To be Saecinlly consi dered. 


u 
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| TABLE D2Z.H RIVETING AND WELDING 
il (SEE CONTINUATION) H 


DETAILS OF VARIOUS STRUCTURAL CONNECTIONS 


RIVETED | WELDED 
MAXIMUM | oo eOUBLE INTERMITTENT FILLET WELDS 
| | 
1 | 'T0 CENTRE IN | “yey NEES Distance (4 
DREN SP | Type | All Type 1 centre to centre Type centre to centre 
Inches r Inches 
DOUBLE BOTTOMS Cones framed) 
Longitudinals to inner bottom . “ee A rc ort 6 Ss 6 2 9 
Bracket floors and longitudinal fr aming - at v++ | See Table 8 
Floors to centre girder (see also D 519) a0 a got 5 C 5 
A when spacing of floors exceeds 8 feet: | | 
(see also D 519) oS ate . : Sie “ist 5 l 
Reversed frames to floors and inner Beit or ior plates to 
inner bottom (see also D 519) a ait “ee ae al 5 8 3) 2 93 One scallop per 
é C for 2 spaces at ends space for 2 spaces 
Reversed frames to floors and inner bottom or floor plates to | aoe. “a onda) of Diice 
inner bottom when spacing of floors exceeds 8 feet. 4) | Ss i) 2 94 eontinnous for 
4 for 2 spaces at ends) C for 2spacesat ends | 4 for 2 spaces at ends 2 spaces at ends 
i} | 
| 
SINGLE BOTTOMS | | 
Centre keelson to keel : “of | 5 | C 5 
i ~ > 
Reversed frames or face plates to oe 7 S 7 3 95 
(For bottom frames to shell and floors or floor plates to shell see Transverse framing) 
Floors to centre keelson (double riveted connection where | | 
; floors cut) i a — Ate wa = 4 1 
Foundation plates to reversed frames ... es ; Bay | 4 | 
Continuous keelson top angles or face plates to =A peme 
[ plates <s ie d Len | S 7 8 ar scallop per 
rame space 
Butts of keelsuns and foundation’ plates bids cecal 4 
Connection of reversed frames to side keelsons—not fies than | 
2 rivets. 
Side keelsons to shell *e Pe ie re | See Table 62 F | Ss 6 2 Oue scallop per 
Riveting or welding in way of similiar ttn be specially | | frame space 
considered. | | 
| _ |} | | 
WATERTIGHT BULKHEADS, FLATS | | 
AND TUNNELS 
Horizontal connections of plating may be’single riveted. 
Vertical connections of plating and boundary angles are to be | 
double riveted when more than 35 feet below the top of | 
the bulkhead. 
Overlaps of plating tty 7 ; ve : Jie) 4} 
Boundary connections to shell, inner saan a joke 5 1 5 
| ” 9 ” bulkhead... at ve a 4} |) F 
Stiffeners (except as below) nh a7 Ss 7 
Stiffeners, lugged or unattached, for 15 i. cent of lengih a at 
| each end eid 4 S { 
Brackets and lugs eas eae a a sd i s+» | See Table 36 See Table 36 
} 
\ BULKHEADS OF DEEP TANKS, PEAK TANKS 
| AND OIL CARGO TANKS 
Overlaps of plating and boundary angles to be single or double 
riveted as for watertight bulkheads. 
Overlaps of plating ce ss 7 4% nee Es 4 
Stiffeners, bracketed ... re te ie Te af 6 Ss 6 
. ions | As for W.T. | | 1 at bottomand bilge 
Boundary connections ) "heilends 4] 9 a4 dotk ond bide 
Brackets ... rc eae oy Tr 8 sy +» | See Table 36 See Table 36 
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RIVETING AND WELDING TABLE DZ.H 


H (SEE CONTINUATION) 


DETAILS OF VARIOUS STRUCTURAL CONNECTIONS 


| 


i RIVETED WELDED 
| aan DOUBLE INTERMITTENT FILLET WELDS 
ITEM SPACING OF | CONTINUOUS : | DOUBLE FILLET WITH 6 INCH 
RIVETS CENTRE) *144ET WELDS BEAGG BIBI N OE Cte SCALLOPS 
TO CENTRE IN 
Ss Cc Dis’ (a Distance (d) 
es AN Type All Type 1 centre to. cuntre aie centre to centre 
7 Inches Inches 
OIL FUEL BUNKERS 
Where not otherwise required to be increased, the overlaps of 
plating of bulkheads, shell and deck and the stringer angle 
may be single riveted if not more than 28 feet below the 
top of the overflow or 16 feet below the top of the tank ; 
elsewhere the riveting is to be double. 
Centre line bulkheads may be single riveted throughout 
Overlaps of bulkhead, inner bottom and deck plating 
Deck stringer connection eee aes re re Sac 4 2-except at strength deck 
. = l at bottom and bilge 
undary connections 5 D.R 
Poandary o Sia | 2 at deck and \side 
Stiffeners bracketed = ae ise ne as ss 6 $s 6 2 9 
orizontal girders to shell and bulkheads 
Hori girders to she : : - a nae a ie ees 41 | 2-clear of brackets 95 
(see also D) 2006 to D 2010) oe 2 eis ; 2 | l-at brackets 17 
Horizontal girders—brackets ... aks ane 58 oa 44 D.R. 0 4} if overlapped 
= +» —face angles or plates 7 8 6 2 9 
Stiffener brackets aed oe See a cv +++ | See Table 36 See Table 36 
NON-WATERTIGHT BULKHEADS 
Overlaps of plating aie sr oe ie a4 so 6 
Boundary connections to inner bottom, horizontal riveted 
flange (see also D 1802) B Ss 5 
Boundary connections elsewhere i s 7 
Stiffeners ... ff 8 8 3 i] 
DECKS 
Stringer angle on strength decks 5 se Ae sss | See Table 19 
= -s lower oh ave ni Ah ito sy Oe 
BEAMS AND DECK LONGITUDINALS 
Beams to deck ... ons eas Sas ris ye aor 7 8 4 3 9} 
» at crown of deep tanks, peak tanks and oil fuel tanks | 6 Ss 6 2 9 
Strong beams at ends of hatchways, deck connections 
(see also Deck girders) ay: aH 5 S 5 2 9} 
Half beams to hatch coamings and casings—lugs of same 
thickness as coaming with 2 rivets or 1 sq. inch of welding 
ineach flange for beams not exceeding 8 inches, and 3 rivets 
or 1°5 sq. inch of welding for beams exceeding 8 inches in | 
depth. | 
Longitudinals to deck ... a Fe tee ee ee 6 s 6 2 9 
Beam knees a sac Ea aes see ae +++ | See Table 28 See Table 28 
DECK GIRDERS, TRANSVERSES AND WEBS 
Connections to plating (see also D 1505 to D 1508) ... se 5 Ss 5 2 93 
Face section, not exceeding 6 sq. inches area, to web as 7 s 7 3 95 
» 4 exceeding 6 sq. inches area, to web An Fs 6 s 6 2 9 
End brackets... oe a a $a ee ee 5 D.R. | 2 a 4} 


Butts of girders ... 
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TABLE 52H RIVETING AND WELDING 
(CONCLUDED). . H 


DETAILS OF VARIOUS STRUCTURAL CONNECTIONS 


| RIVETED | WELDED 
| ‘. ie Cae SES INTERMITTENT FILLET WELDS = 
CONTINUOUS i i a = oo “ — 
Ghia ince | | Sorc Distance (d) T I Distance (a) 
| Type All Type 1 centre to centre ype centre to centre 
= Sa er pean | aie?) She ee Soe | Soe >| Rese ea | Inches ‘Inches 
PILLARS | 
Heads and heels of solid pillars on ce a -+s | See Table 31 
Seams of tubular pillars re ree ee 5 | 
Riveting or welding of pillars built of rolled sections a 7 | SS) 7 
End connections of widely spaced built pillars 5 | 2 
| | —— 
bs | 
HATCHWAYS | | 
| | 
Coaming to deck 5 2 | 
RS = at corners... — on or vhs 4} 1 
: P | a | 3 = . 
Stiffener to coaming 8B ee a 7 | 8 7 3 9} 
Horizontal stiffeners on coaming where forming watertight | | 
recess ... ne see ves Fah oad ke ued 5 2 | 
| 7 l 
Hatch beam angles or face plates iF Slit eealctape Dire 7 | | 8 7 3 9} 
Vertical corner angles... Gat cit is a oe | 5 | 
| — ———— | | 
| 
VENTILATORS : | 
Connection to deck (see also 1) 2403) ... ee re fe | 4 2 
| 
i 
oe 4 Z = - me = | ho ae =| 
DECKHOUSES . | 
Overlaps of outer casings Bs seit dike Mists te an labnert | 5 | 
3 inner ,, 6 | 
Foundation connections (see also D 1209 to D 1210) ... 5 2 
SEAT Cres) OLN EADS, ERAT Sen 7 | S 7 3 9} 
a Shes | : 
| | 
MASTS | 
End laps are to be treble riveted and seams single riveted. 
Overlaps of plating se a me ie Bic al 5 
RUDDERS |. | 
| | 
Spacing of rivets in arms (see also D 2618)... re ve | 4} 


STEMS AND STERNFRAMES | 


Connections to shell plating: diameter of rivet with solid 
sections to be } inch greater than required for the thickness , 
of the plating and } inch greater for castings or built | 
frames but not to exceed 1} inch... a3f fi a 

In ships above 350 feet in length shell plating is to be 
connected to sternframe below the boss by three rows of 
rivets. 

Connection to transom plate: for ships’ not exceeding 300 


feet in length by two single riveted angles, in ships above 
300 feet in length by two double riveted angles... ae 5 | 
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THIMIIVUOS 


* ta) aad & ; 
6 in 
‘ 7 
12 
‘ J 
2 
‘4 i 
4 
f i 
‘ & 
[ 
i 
' , 
| 
‘ si j 

;! : 

f 

: i | OORar. 
: F 
i c i Cane? oF 
- 
poner 
? 
t 
' 
i ‘ i 


| — 
| | unary, «| 
[ C Bi ‘ i | oo 


p O0SSe . T 
eo I ; »  O60ed 


° 
int} 


oe ‘ fan po ut ean A ie Sy : 
r 7 Ga bis 


Dees de Uae ee — -_ 


Stup Live Cuan CABLE 


Minimum Diameter 


EQUIPMENT 


STREAM WIRE OR CHAIN Moorina Ropes 


Circumference 


} 1 Wire | Short | } Length 
Weight Weight Number of | Wrought Iron, Special Length Circum- Link Length é Fibre Number of 
Number | Per Ex | 15 fathom | or Steel | ference) Chain | Ww Each 
Anchor Stock | Lengths | Mild Steel | (see notes) dia. strand) 
Cwt. Cwt. | Inches Inches | Fms. | Inches | Inches Fms. jPaehes Inches Fms. 
a 2 43 3 8 7 45 A2 *, | 70 2 | 5 2 70 
b 2 5} 1} 8 3 45 || 2} £4 AO Lp Qehend 2 70 
c 2 6} 1} 9 H bo jl 2t | & | 80 |; 23) 5 | 2 80 
| = 8 
d 2 7k 2} Te ee | 50 |p | 80 !oh 5k) 2 80 
e 2 8k 23 10 | 33 co |; | Hy 80 j!ot| st} 2 | 90 Al} 
f 2 9 3} ul 1 50 vy 23 $ ~~ 80 : 2 65t| 2 «| «90 I 1} 
g 3 9} | 12 ee 1 80 || 24 | 6 | 2 90 | 1k 
h 3 11k 13 4 1,\, 80 || 23 6 | 2 90 || 1} 
i 3 13% 13 1,3, 1k 90 || 22) 6) 2 90 || 1} 
j s | 16 142°) = a ip | 9 |13 | e] 2 90 | 13 
aby a 18 14 1’, u | Bee | ah ay Bs 90 | 13 
Piha 204 14 13 1,4, | ee ee ee ee 90 i 1} 
m 3 22} ws 1} 90 S83} 8 3 90 | 2 
n 3 244 ae oa ee 1,5, 90 || 34| 8 3 90 | 2 
0 3 263 | 16 1,°, 1g | 100 || 34} 9 | 3 | 90 || % 
p 3. 29 16 rT ly, | “100 I 33/9 | 3 | 90 | 2h 
q 3 313 16 1} 1, }100 |; 4 | 9 3 100 || 24 
r 3 33% 1 | 14 | 100} 4 10 3 | 100 | 24 
8 3 363. Tl eee Tec | 100° ae | eS | 00 ee 
t 3 395 1 | If 18 (100 || 44 | 3 | 100 |! 984 
u 3 43} | 18 1 143 | 110 I 4h 3 100 ©23 
v 3. | 465 18 2 Tn 110 | 43 4 | 100 t 23 
w 3 50 18 2,1, 1i3 | 110 | 5 4 “100 || 28 
x 3 53} Cr 1 | 110 v5 | 4 | 100 |; 23 | 
y 3 BTt i | 2% | 110 A 43 4 |100 |!3 
z 3 614 } 18 | a 1s 110 || 44 | 4 |100 |!3 
at 3 654 eo eee 2 120 |! 5 | | 4 | 100 | 3 
bt 3 694 | 20 23 pee 120 || 5 4 |100 || 3} 
ct 3 734 ae Bee bP % | | 120 || 5 4 /110 || 3 
dt 3 173 a 2,3, 120 || 5} | | 4 | 110 || 3$| 
et | 3 | BIR 20 2.0, ot “120 | 54 4 110 3} 
ft | 3 | 86 20 28 2+ 120 |! 54 5 | 110 |) 3 
gt 3 90} | 22 Qt) 2, | 130 56 5 | 110 |y 3} 
ht | 3 | 943 i" 23 28 | 130 ie 5 |110 A8 
if | 3 | 99 22 213 275 130 || 64 5 | 110 | 3 
it 3 | 1034 22 23 24 130 | 64 5 110 3 
kt 3 | 1073 22 Tee ee (130 =|! 64 5 /110 |I8 
It 3 | 112 22 3 Seer: Seale | } 130 |! 7 | 6 /Tlo {fs 
mt 3 | 116} 22 ee eet 140 | 7 5 110 ! 3} 
nt 3 | 120} 22 3h | oF 140 vi_ 5 | 110 |; 3} 
ot 3 | 125 2 | 33% 23 140 AT 5 | 120 |) 3} 
pt 3 | 1293 i ee ie | ats 140 | 7 5 | 120 |; 3 
qt 3 | 1343 22 3,5, 2% (140 (| 7 6 120 ! 34 
rt | 3 | 140 29 33 gis 140 7 6 | 1290 | 3} 
st 3 1454 22 3,7, 3 150 || 7} 6 | 120 63} 
tt 3 | 1513 22 3} ee 150 7} 6 | 120 3h 
ut 3 | 1573 22 3), 3h 150 £7} 6 | 120 |; 3t 
vt 3 | 1634 22 38 3,3, 150 74 6 120 |; 3b 
wt | 3 | 169} 22 31, 3} 150 | 8 6 | 120 | 3} 
xt 3 | 1754 22 3} 3,5, 150 || 8 6 | 120 |! 33 
yt 3 | 1814 22 313 38 150 | 8 6 | 120 34 
zt 3 188 22 33 37, 150 v8 6 120 v 34 


(@) = & x 12 Flexible Steel Wire Rope. (6b) = 6 x 24 Flexible Steel Wire Rope. (€) = 6 x 37 Special Flexible Steel Wire Rope. 
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TABLE SS 


NOTES. — TABLE 53 


1. Where the Equipment Number lies between any 
two consecutive numbers given in the Table, the equip- 


ment is to be governed by the greater. 


2. Bower Anchors. The weight per anchor given in 
the Table is for anchors of equal weight. The weight of 
individual anchors may vary + 7 per cent from the Table 
weight provided the total weight of anchors is not less 


than would have been required for anchors of equal weight. 


3. If it is desired to use stocked bower anchors the 
weight “‘ex stock” is to be 80 per cent of the Table weight. 
For weight of stock see D 3304. 


4. For special steel cable, see P 1701. 
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5. The weight of each 15 fathom length of cable, 
including one joining shackle, is not to be less than that 
given in P1705. 

6. Steel wire ropes other than those given in the 


Table may be used if of equivalent strength. 


7. Ropes of strength equivalent to the fibre 3-strand 
and fibre 4-strand given for towline and mooring ropes may 
be used. 

8. Tests. See P 1504 for anchors. 

P 1705 for cables. 
P 1806 to P 1808 for wire ropes. 
P 1809 for fibre ropes. 
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TABLE D4 | EQUIPMENT FOR TUGS 


STOCKLESS | WROUGHT IRON OR MILD STEEL FIBRE MOORING ROPES (4-strand) 
EQUIPMENT | BOWER ANCHORS __ STUD LINK CHAIN CABLE | ecara = T al 
Niven | Number Pipa valet} ,, ember ct, | Diameter | ofetch | First | — eoond 
Cwt. Inches Fathoms Inches |_Inches 
1440 2 3} 4 § 60 | 4} | 23 
1700 2 3} 4 + ee ee: | 24 
1970 2 3} 4 Set 0 | Ae 
2240 2 4 4 3 eo | 4% 24 
2510 2 4} 4 Te ee Te ee 
2780 er 44 5 is | 60 oe ips 
3050 2 43 5 $ 60 54 3} 
3330 2 5 5 ; | Om (isa 3h 
3620 2 5g 5 2 ee!) | bt 3} 
3910 2 5} 6 1 | Wen ett 4 
4200 2 6 6 Py | ee te oe 4 
4490 2 63 6 1 | 60 6 4h 
4780 2 63 7 fa Se 6 | 6 43 
5080 2 7 7 fo. tiygear tll areggee His g 5 
5380 2 7a 7 aT pod TOT tangreny: T 15 By 5 
5690 Goa wl 7 8 Ta Me af 5 
6000 2 8 8 1} BO |) wee bt 
6310 | 2 88 9 1, 60 64 5h 
6620 2 8 9 Tas 60 64 54 
6940 2 9f 9 Ll 60 63 54 
7260 a. 93 10 4 60 7 bt 
7590 2 10} 10 1} 60 7 5} 
7920 2 103 10 4 ae 5h 
8260 2 113 11 1,5, 60 7 54 
8600 3 12 rs 1,%; 60 7 54 
8950 3 123 12 15, 60 7 5} 
9300 3 13} 12 14 BOan [7 git bt 
9650 - 148 12 1 60 7 5} 
10000 3 15 13 13 60 T 53 
10350 3 165 13 1 . 90 7 Bt 
10700 3 18} 14 | 13 | 90 | 7 5} 
11050 3 194 14 | 1a 99 | 7 5} 
NOTES.—TABLE 54 
1, Where the Equipment Number lies between any 3. If it is desired to use short link chain the diameter 
two consecutive numbers given in the Table the equipment is to be that for which the same proof test is required as 
is to be governed by the greater. for the stud link chain given in the Table. See P 1705. 
4. Tests. See P 1504 for anchors. 
2. If it is desired to use stocked anchors the weight P 1705 for cables. 
“ex stock” is to be 80 per cent of the Table weight. For P 1806 to P 1808 for wire ropes. 
weight of stock see D 3304. P 1809 for fibre ropes. 
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ORIGINAL 


TABLE 55 


RENEWAL OF STEERING CHAINS & CHAIN CABLES WHEN WORN 


When any length of a chain is so worn that the mean diameter at its most worn part is reduced to the size 
given in the following Table it is to be renewed. 


MEAN DIAMETER 


ORIGINAL 


MEAN DIAMETER 


18] 


ORIGINAL | 


MEAN DIAMETER | 


ORIGINAL 


MEAN DIAMETER 


pape ee (eared eae) Cees a sa ee 
Inches | Inches Inches | Inches Inches | Inches 
Te a oe ae 2 3%, 
ri rT 1s, ar aes ee ee 
Yo lie | 1, 28 8 |  3¥e 
| } y 1} 23, ee. th | 3 
Vs 1, 133 I 24 23 H 37% 
| i if We | Se ae 
| i iH | Ee eae a: 
| ee ee, lt =| ak 233 fC 
| ag aE if | a8 | galt ope [oH 
: | cell) ag TO ae en ees 
| eel eal tb we CUT ee ee | 
| Tia a ae he a ee ee 
a 24-—~—~|— 14g —— fs | oan | | 
. er ae Te ee | 
ae ee ey ee ee es 23 || | 
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TABLE 56 


(SEE CONTINUATION) 


GEOMETRICAL PROPERTIES OF SECTIONS 


A = Sectional area of angle in square inches. ANGLES HAVING 2}-in. FLANGE 
I=Moment of inertia about 
neutral axis XX in inch units. | In conjunction 
ly = Modulus of resistance of | With plating. 
section in inch units. } 


THICKNESS OF WEB IN INCHES 
DEPTH OF 


WEB IN ITEM — a =a — 
INCHES 


THICKNESS OF WEB IN INCHES 


DEPTH OF 
WEB IN 
INCHES 
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| TABLE 56 


(SEE CONTINUATION) 


GEOMETRICAL PROPERTIES OF SECTIONS 


ANGLES HAVING 3-in. FLANGE 


A = Sectional area of angle in square inches. 
I= Moment of inertia about 4 
neutral axis XX in inch units. |! In conjunction 
1Jy = Modulus of resistance of | with plating. 
section in inch units. J 


THICKNESS OF WEB IN INCHES 


DEPTH 
OF WEB ITEM 
igioam 3 26 28 | “30 | 32 | -84 36 38 | -40 | “42 
A 1-49 1-60 171 1-82 1-92 2-03 14 oe4 | 234 
3 I 2°60 2°80 3-00 3°20 3°40 3°60 3°80 4:00 4:20 
ly ro a “99 1:06 | di8 ‘1 oh20) | gal37 log Fes 1:89 
A 162 174 1°86 1:98 2-09 2-9] 2°33 2°44 2°55 
3h I 4-00 4:20 4°50 4:80 5°10 54) 5°70 6-00 6°30 
Vy 114 1:22 180 1:38 147 | 156 165 123 182 
A 175 1:88 2-01 2-14 2°26 2°39 2°52 2°64 2°76 
4 I 5:80 6°20 6°60 7:00 7°40 7°80 8:20 8°60 9-00 
: ly 145 1°56 1:67 1:78 1:89 2:00 | 210 | 2:20 2°30 
A 2-01 2°16 9-31 246 | 260 | 275 2-90 3°04 3°18 
5 I 9°75 11:00 12°25 13°00 13°75 14°50 15°20 15°90 16°60 
Vy m Sou. )2-Sr 2°55 2°70 2286 ) | 29801) |oece6 8°32 3°48 
A 2-97 2°44 2°61 a7er is peered Om) | Piesg 3°44 3°60 
6 I 18°70 19°90 21-00 2210 | 2820 | 2430 | 25°40 26°50 27-60 
Ify 3-26 3°47 3°68 389 409 | 431 | 4:53 4°75 4°98 
| | 
THICKNESS OF WEB IN INCHES 
DEPTH 
OF WEB ITEM 
IN ID | 
a -48 | 50 | 52) BA 56 | 58 60 62 64 66 
r | 
A 2-65 2°75 2-85 2°95 305 | 314 
3 I 4°80 4:90 510 | 5°25 540  ~—- 560 
Uy 1°59 1°63 169 | 1°76 183. | 1:90 
= as be ; 
A 2°89 3-00 311 | 322 | 383 | 8-48 3°54 
ot I 7-20 7-40 7°60 7°80 820 | 8-40 8°60 
Ty | 210 2-17 2-24 232 | 241 | 2:50 _ 2°58 ee 
A 3°18 3°25 3°37 349 | 361 | $72 3°84 3°96 
4 I 1020 10°50 10°90 11°30 11°70 12-00 12°30 12°60 
lly 268 | 2374 | 285 | 296 | S07 | S17 | 828 | 8:89 a eee 
A 3°61 3°75 3°89 403 | 4°17 | 4°80 4-44 4°58 471 | 4:84 
5 I 18°70 19°30 20:00 20°70 | 21°30 22-00 22-70 23-30 2400 | 24-60 
Ty 3:96 | 412 | 428 | 445 | 461 | 477 | #493 | 5°09 | 5:25 | 5r4! 
A 4:09 4°25 441 | 457 | 4:73 | 488 5-04 5:20 5:35 5:50 
6 I 30°90 32-00 33-10 34-20 35°30 36°40 37°40 38-40 39°40 40°40 
fy 5°63 5°86 6°08 630 | 651 6-72 6°94 7-16 7°38 7°60 . . 
ee eee EEyEEyuyEEeEEeEeEeEeEeEeEeEeEey—eE—E~E~E—EEEeEeEEeEeEEeEeEeEE EE ———E—E————e 
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TABLE 56 


(SEE CONTINUATION) 


A = Sectional area of angle in square inches. 
I = Moment of inertia about neutral axis XX in | 


‘ly = Modulus of resistance of section in inch units. J 


In conjunction 


with plating. 


THICKNESS OF WEB IN INCHES 


DEPTH 
OF WEB 
IN INCHE:} 
. 26 28 | 30 | 32 34 36 
1°75 1°88 2°01 2°14 2°26 2°89 
37 4:0 4°3 4°6 4°9 51 
1:04 1°18 1:22 1°51 1°40 1°48 
1°88 2°02 2°16 2°30 2°48 2:57 
6°0 6°3 6°7 70 7°4 78 
1°46 156 166 1:76 1°87 1°98 
2°14 2°30 2°46 2°62 7A! i 2°93 
10°6 11°4 12°2 13°0 13°7 14°4 
re A 2°40 3°55 2°70 2°87 3°03 
| 2°76 2°94 8-11 3°29 
| 204 21°6 22°8 24-0 
3°58 3°82 4-04 4:27 
3°45 3°65 
85°5 87°2 
5°44 5°74 
184 
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GEOMETRICAL PROPERTIES OF SECTIONS 


38 | “40 | 42 
2°52 2°64 2°76 
53 5°6 5°9 
1°56 1°65 1:73 
2°71 2°84 2°97 
82 86 9°0 
2°09 2°20 2°30 
3°09 3°24 3°39 
15°1 15°8 16°5 
3°19 3°35 3°51 
3°47 3°64 3°81 
25°2 26°4 27°6 
4°50 4°72 4°95 
3°85 4°04 4°23 
38°9 40°6 42°3 
6°04 6°34 6°64 


ANGLES HAVih 


| 
3-01 81! 
6-5 68 
191 2-0) 
3°24 397 
9°8 10% 
2°52 off 
370 | $i 
180 | 187 
3°84 | 400 
a 
4°16 4 
29°9 310 
540 | Sti 
| ae 
4°62 | 46) 
457 | att 
7:24 | 75 
{ 


3-1n. 


FLANGE 


GEOMETRICAL PROPERTIES OF SECTIONS 


TABLE 56 


(SEE CONTINUATION) 


‘50 


325 
71 
2-09 


350 
10°6 
274 


3°63 


10°9 


2°85 


415 


20°0 


4°32 


4°67 
33°2 
6°06 


THICKNESS OF WEB IN 


60 | 62 
3°84 3°96 
8-4 8-7 
2°50 2°59 
4°14 4°27 
12°38 12°6 
3°28 3°39 
4°74 4°89 
22°6 23°2 
4°95 5°12 
5°34 5°51 
37°4 38-4 
6°94 7°16 


INCHES 


“66 


“74 


DEPTH 
ITEM OF WEB 
IN INCHES 
A 
1 a 
Uy 
A 
H | 4 
lly 
A 
I 5 
y 
A 
I 6 
‘ly 
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TABLE DG 


(SEE CONTINUATION) 


GEOMETRICAL PROPERTIES OF SECTIONS 


A =Sectional area of bulb angles 
in square inches. 
I=Moment of inertia about ) 
neutral axis XX in inch anits. | [n conjunction 
‘ly = Modulus of resistance _ of j with plating. 
section in inch units. 


BULB ANGL 


THICKNESS OF WEB IN INCHES 


DEPTH 
OF WEB IN ITEM 
coe 28 | 30 | 32 34 36 38 | 40 | 42 44 46 48 
A 2°52 2°66 2°79 2°92 3°06 3°19 3°32 3°45 | 3°59 3°72 3° 
5 I 19°8 20°7 21°5 22°4 23°4 24:4 25°38 26°3 27°3 | 28:3 293 
ly 4-00 4-20 4°40 4°55 475 | 4:95 5°15 535 | 55 5°75 600 
- ——— — 4 i —— ——____—— — — | _ - 
A 2°88 3:02 | S16 | 3°31 3°45 3°59 3°72 3°86 4:00 41) 
54 I Piel 28°8 20:9 310 32°2 33°74 B45 35°7 36°9 38'1 
lly 5°15 5°40 5°60 5°80 | 6°05 6°25 6°50 | 6°70 6°95 700 
A 3°12 3:27 3°42 3°58 373 3°88 4:03 418 4°3% | 44§ 
6 ul 36°1 SU5s) (py est0 40°5 42-1 43°7 45°3 | 46°8 48°3 49°8 
lly 6°25 6°50 6°80 710 7°35 7°65 7°90 =| 8°20 8°45 87 
ne = ae Oh fe “= ———————— = = ai ——t Se 
A 396 | 4138 | 430 4°47 4°64 4°81 4:99 Slt 
Fd I ‘ 62°7 | 64:7 |G ry 68°8 70°9 73°0 75°2 775 
"y 9°60 9°95 | 10°25 10°60 10°95 11°30 11°65 120) 
i eu 1 ep safes | |! gs pa |. ae 
A | 468 | 488 5°07 526 | 5°45 5°64 58 
8 I Ty Sree | 100°5 1038°4 106°5 | 109°6 | 112°6 1158 
lly | 18°45 | 13°85 14°30 14:75. | 15°20 15°65 161) 
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TABLE DG 


(SEE CONTINUATION) 


GEOMETRICAL PROPERTIES OF SECTIONS 


HAVING 3-in. FLANGE 


THICKNESS OF WEB IN INCHES 


50 52 | “54 56 58 | “60 | 62 
3°99 4°12 4°25 4°38 
302 31°2 32-2 33°] 
6:20 6°40 660 | 680 | 
: a ee) oi Pree Pes 
4-29 4°43 457 | 4°71 
39-4 40°6 41°9 43-4 
745 7:70 795 820 
4°63 1-78 494 | 5-09 | 5°24 
12 52°8 | 548 55'8 | 57-2 
9-00 9°30 9°60 9°85 10°10 
= | 
1°83 5°50 5°67 584 | 6°02 6°19 
798 82-0 84-2 86-4 | 88°5 90°6 
140 | 1280 13°15 13°50 | 18°85 14-20 
6-02 621 640 | 660 | 679 6°98 717 
1190 | 122-0 1250 | 1280 | 180°9 | 183-7 136°5 
1660 | 17-10 1755 | 1800 | 18-45 18:90 19°30 


“64 


ITEM 


“66 “68 “70 


DEPTH 
OF WEB IN 
INCHES 


OE ee ee ee a ee Ne ee 
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TaBLE 56 


(SEE CONTINUATION) GEOMETRICAL PROPERTIES OF SECTIONS 


: E BULB ANGLE HA 
A = Sectional area of bulb angles in square inches. 


In conjunction 


I = Moment of inertia about neutral axis X X in 
inch units. 
with plating. 


1/y = Modulus of resistance of section in inch units. 


THICKNESS OF WEB IN INCHES kb 
DEPTH 
OF WEB IN ITEM |- = react oe r <a a er a —= — 
INCHES | i 
30 32 34 | «S86 38 | 40 | 42 | “44 46 48 | 50 | 52 54 
== = — _ —— — ——— = — — a = — 
A 3°29 3°45 360. | 3°76 3-98 4:07 4:28 | 4°39 4:55 4-70 4°86 5:02 513 
6 I 365 879 | 8983 | 40:8 | 42:3 43:8 45°4 46°9 48°4 49°9 51-4 529 | bt 
Vy 6°35 6°60 | 685 | 7:10 7-40 7°65 7°95 820 | 8:50 8:80 9°05 935 | 96) 
= 4 te | ss a 
A 415 | 4:32 | 4-50 4°68 4°86 5:03 5:21 5°39 5°56 5:74 | 59 
e3 I 62:8 | 649 66°9 69-0 711 73-2 740) 777 80:0 82°3 846, 
Ny 965 | 995 | 10°25 | 10°60 | 10°95 | 1130 1165 | 12°05 | 1245 | 12°80 | 18% 
mths J Sioa hs 4 Je tat CS x __|| 
A ne |) 88 5:08 5°28 5:47 5°67 5:86 | 6°05 6°25 644 | 6°64 
8 I 98:0 | 1009 | 1039 | 1070 | 1101 | 1132 | 116-4 | 1195 | 1225 | 1254 4 
ly 13°45 | 18°85 | 14°35 | 14°80 | 15°25 | 1575 | 1620 | 16-70 | 1715 | 17H 
A | 5°70 5°92 6°13 6°35 6°57 6°78 7:00 7°22 748 
9 I | 1480 | 1515 | 155°0 | 1590 | 1630 | 1670 | A710 =| 1750 | 1790 4 
ly | 1840 | 18:90 | 19°40 | 19°90 | 20°50 | 21:05 | 21°60 | 22:20 | 227 
A . 6°57 6°80 7°04 7°28 751 775 7-98 | 8 
10 I | 2110 | 2155 | 2205 | 2255 | 2305 | 235:5 | 2405 | 2460 o 
Iy 24°20 | 24:80 | 25°45 | 26°10 | 2680 | 27-40 | 2810 | 288 « 
as ai +8) SORE 2 OF 5 i = |_| se: | aa 
A | 7°50 776 | 802 | 828 8°53 879 | 905 
11 I 2864 | 2920 | 2981 | 304-2 | 810°3 | 3166 | 8232 g¢ 
ly 30°80 | 81°55 | 82°80 | 38°05 | 83°80 | 34°55 | 3540 
ots aaa il | ee ee ae ee ee el ee 
A 8°50 8°77 9°05 9°33 961 | 98 | 
12 I | 8820 | 3890 | 3961 | 4088 | 4115 | 4195 4s 
Uy | ; 38°65 | 39°45 | 40°30 | 41°20 | 42°10 | 4305 y 


| 


BULB ANGLE, 


_— 
10°22 10°54 10°84 11°15 be iS 

564°6 572°0 580°0 5888 5984 — B 
52°40 53°30 54°20 55°25 563 


Chap. D, Table 56 188 


TABLE 56 


(SEE CONTINUATION) 


GEOMETRICAL PROPERTIES OF SECTIONS 


AVING 3}-in. FLANGE 


THICKNESS OF WEB IN INCHES 


DEPTH 
=a - —— — - — _ “ = = OF WEB 
6 | 58 | “60 | 62 64 66 68 70 | "12 14 16 "18 IN INCHES | 
534 | 549 5°65 | 
559 57°3 587 6 
9-90 10°15 10:40 
609 | 627 6°45 6°80 
| 
86r8 88°9 91-0 95°3 7 
13°55 13°95 14°30 15-00 
688 | 7°08 7:23 7:42 
983 | 181+ 133°9 136°8 8 
18:05 18°50 18:90 19°35 
| 
765 7°87 8:08 8°30 | 8°95 
183-0 187-0 191-0 1950 207-0 9 
93°30 | 23°85 24°45 25°00 | 26°70 
846 869 8°92 9°16 9°88 10°35 
510 | 2560 261-0 266°0 281-0 291-0 10 
245 | 30°10 30°80 31°45 33°50 34:80 | 
931 9°56 9°82 10°07 10°84 11°35 11°60 
8297 | 886-2 | 38426 | 349-0 367°5 879°3 | 3850 | 11 
3620 | 37-00 37°80 38°60 | 40°95 43°20 | 
10°17 10-44 10°72 10°99 11°83 12°65 | 12°93 
175 435°5 443°D 451-2 473-7 4951 | 501-9 af 4 
400 | 44-95 45°90 46°85 49°55 RQ | 53°00 


HAVING 4-in, FLANGE 


Fe ec cee ee ere ae See ere ee eee ce ee ee ee 


1178 | 12-09 12°41 12-79 | 18-08 | 13°34 | 18°65 i490 | 15°21 A 
| 


13°96 14-28 14°59 
AQF | <n | 
Se | 6185 628°5 639°0 | 650-0 660°5 671-0 681-0 691-0 7010 | 7105 | 720-0 I 13} 
94°40 58°50 59°60 60°80 | 61:95 63°15 | 64:30 64°65 66°50 67°60 | 68:70 | 69°80 Ily 
| 
pa eee ee Se ee ee eee ee ee eee eee ee ee eee ee 
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TABLE 56 


(SEE CONTINUATION) GEOMETRICAL PROPERTIES OF SECTIONS 


CHANNELS HAVING 3-in. FLANGE 
A = Sectional area of channel in square inches. 


I = Moment of inertia about 
neutral axis XX in inch units. | In conjunction 


? 


Ily = Modulus of resistance ae with plating. 
section in inch units. 


THICKNESS OF WEB IN INCHES 


DEPTH OF | THICKNESS 


WEB IN OF FLANGE ITEM ————— = = oe 3 —- 
ee Loa eee 24 26 | 28 | 30 | 382 34 “36 38 | 40 | 42 44 | 46 48 
| 
A 859 | 871 | ‘888 | 895 | 407 | 419 | 4:81 4438 | 455 | 4:67 | 4:79 | 4:91 | 5°08 
6 38 I 524 | 586 | 548 559 571 58°38 | 594 | 605 616 | 62-7 63°38 | 64:9 | 66°0 
Ly 9°25 | 9°50 | 975 | 10-0 10°25 | 10°5 10°75 | 10°95 | 11:2 11-4 11°65 | 11-9 12°1 
A | 418 | 4:32 | 4:46 | 460 | 4:74 | 488 | 5:02 | 516 | 530 | 5:44 58 | 5°72 
7 “42 I 79°5 813 83:1 84°8 86°5 882 89°9 91°6 93°3 9 | 966 | 98:2 
ly 12°35 | 12°65 | 13-0 13°3 13°6 13-9 1425 | 14°55 | 14°85 | 15-2 155 15°8 
A 469 | 4°85 | 5°01 517 | 5:33 | 549 | 5:65 | 5-81 5°97 613 | 6:29 
8 44 I 1122 |114°7 117-2 |119°7—-|122°1s 124-5 = f26°9 = 129-3 181-6 = (188-9 ~—|186-2 
ly 15°5 15°9 16°3 16°7 17-1 17°5 17-9 18°3 18°7 19°] 195 
A 514 | 5°32 | 550 | 568 | 586 | 6-04 | 6-22 | 6-40 | 6:58 | 6-76 
9 “44 I 149°7  |153°1 {156° = {159-9 1683 |LGE*7— [1700 |'173-2 176-4179 
Uy 18'6 19°15 | 19°65 | 20°15 | 20°65 | 21°15 | 21°65 | 22°15 | 22°65 | 238-15 
A 5°67 5°87 6°07 6°27 6°47 6°67 | 687 | 7°07 | 7:27 
10 45 I 197°0 [201°5 2060 {2104S 214-8 = f2.19°1 = 2233) = 2275 2817 
lly 224 | 23:0 | 236 | 24:2 248 1254 | 26:0 | 266 27-2 
SS 


a rr 


DEPTH | THICKNESS THICKNESS OF WEB IN INCHES 
OF WEB OF FLANGE ITEM ~ * - ee = :S :. Saee .f2: Se = — 
Se aa 50 | 52 | 54 | 56 | “58 | -60 | 62 | 64 | -66 | -68 | 70 | "12 | 74 
| | 
A 515 5:27 5°39 551 563 575 5:99 611 
6 38 I 67°1 68°2 69'°3 70-4 714 724 74:4 75°4 
My 12°35 | 12°6 12°85 | 13:05 | 13:3 13°5 13°95 | 14°15 
A 5°86 6°00 6°14 6:28 | 6°42 6°56 6°84 6:98 712 
a “42 I 998 f101'4 = |103°0— 11046 ~— [1061 ~—ss107°6 \110°6 = |112"1— | 118°6 
lly 16°1 16°4 16°7 17°05 | 17°35 | 17°6 1182 | 1855 | 18°85 
a euee: | et Z et | ise | 
A 6°45 6°61 6°77 6°93 7-09 fr20 7°57 773 7°89 8:05 
8 44 IT j1385 = f140°8 1430 f145°2 147-4 {149-6 154-0 |156"1 {15821603 
lly 19°9 20°38 20°65 | 21:05 | 21:4 21°8 | 22:6 22°95 | 23°35 | 23°7 
| 
A 6°94 712 | 7:30 7:48 7°66 7°84 820 | 888 | 856 8-74 8°92 
9 44 I 182°6 |185°7 |188:7 |191°7)—-|194°7——(J197°7 2035 )206-4 + 209°3 212-1 /214°9 
ly 23°6 241 | 24:55 | 25:0 | 255 26°0 26°9 27°35 | 27°85 | 28°3 28°75 
A 7°47 7°67 7°87 8-07 8:27 8°47 8:87. | 9:07 9:27 9°47 9°67 9°87 
10 “45 I —35'9 [2400 (244°0 (248°0 (|251°9 255°8 26385 |267°3 B71: 2749 2787 1282-4 


1 
32°4 33°0 33°5 34°05 34°6 | 


Ily | 27°8 28°35 | 28:95 | 29-5 20°1 30°65 


Chan T) Tahle 5G 10n 


TABLE 56 


GEOMETRICAL PROPERTIES OF SECTIONS (SEE CONTINUATION) 
24x -60' 


CHANNELS HAVING 3}-in. FLANGE 


A =Sectional area of channel in square inches. 


I =Moment of inertia about 
neutral axis XX in inch units. \ In conjunction 
ly = Modulus of resistance of | with plating. 
section in inch units. J 


DEPTH THICKNESS THICKNESS OF WEB IN INCHES 


OF WEB OF FLANGE ITEM 


Sean | TH NORE 26 | 28 | 30 | 32 34 36 “38 | 40 | 42 44 46 48 50 
A | 473 | 485 | 4:97 | 5:09 | 521 | 5:38 | 5-45 | 5:57 | 569 | 581 | 593 | 605 | 617 

6 48 I 674 | 684 | 694 |705 | 715 | 726 736 | 747 | 757 | 768 | 77:8 | 789 9°9 
Be ties | eb 112% 12:95 | 18°15 | 18:4 13°65 | 13-9 141 | 14°85 | 14°55 | 14:8 [5-05 

# A 524 5°38 5°52 566 | 5:80 5°94 6-08 6°22 6°36 6°50 6°64 78 

vi ‘50 I 97°38 | 994 10170 1026 [104-2 {105-7 [107-3 [1088 = {1104s 111-9 ~—([118°4 0 
lly ‘| 15°55 | 15°85 | 1615 | 16-45 | 168 | 17-1 =| 17-4 =| 17-7‘ | 180 18°3 186 | 18:9 _ 

A 594 | 610 | 6:26 6-42 | 658 | 674 | 690 | 7:06 | 7:22 | 7:38 

8 “52 I 138°3  |140°6 = /142°9 145-2 47-5) f149°7 = f51-9 = 154-1 |156°3 5 8-4 
Ily ll Aneel | 19°65 | 20°05 | 20°40 | 20°38 | 21°15 | 21°55 | 21°95 | 22°35 | 22-75 | 28°15 

| A 6°37 6°55 6°73 6°91 7:09 fatto ae aoe 7°81 7:99 

) 54 I | 1830 {186-0 189° = 1925-1960 {199°0 = 202-0) 205°0 = 2080 2105 
fy ra a 22°35 | 28°85 | 24°35 | 24°85 | 25°35 | 25°85 | 2635 | 26°85 | 27-3 | 27:3 __ 

A 699 | 719 | 7:39 | 7:59 | 7°79 | 7:99 | 819 | 889 | 859 

10 56 I 2400 2440 2480 52:0 2560 2600 2640 2680 [272-0 
ly | rf 280 | 286 | 292 | 298 | 80°35 | 80°99 | 815 | 82:1 | 32:7 _ 

A | 731 | 755 | 7-79 | 808 | 827 | 851 | 875 | 899 | 9-28 

12 50 I 3480 35453610 B680)—B75°0 = B81 B88 8945 O10 
lly eet | | SOGOR 84:1 | 850 | 35°38 | 866 | 87°5 | 88:3 | 8971 39:9 | 40°8_ 

A 812 | 836 | 860 | 884 | 908 | 9:32 | 9:56 | 9°80 

ed 60 I 3810 [3875 [8940 005 07:0 [4135 4200 [260 

I 38°0 39°6 | 40°45 | 41:3 | 42°15 | 43-0 of 


DEPTH THICKNESS THICKNESS OF WEB IN INCHES 


OF WEB | OF FLANGE ITEM = — = = — = — rs 


| reel I 52 “54 “56 | 58 | “60 62 64 66 | 68 | 70 | 72 74 76 
; A 629 | 641 | 6b3 | 66d | 677 | oso | 7-01 | a i ze T 
6 I |sto | 821 | 832 | 813 | soa | 866 | 877 
Uy 15°3 1555 | 158 | 160 | 16°25 | 16°5 16°75 | I oe Pe con 
A 692 | 7:06 | 7-20 | -7°34 748 | 762 | 7:76 | 7:90 
fi I [1165 [1180 |119°5 |121°0 122-4 1288 [125-2 |126°6 
I 19-2 19°5 19°8 | 20°1 20-4 20°7 21-0 21:3 | 
A 7754 | 7°70 7°86 | 8:02 8:18 8°34 | 8:50 | 8-66 8.82 
8 I [1605 [1626 1647 {1668 1689 170°9 |172°9 174-9 |176°9 
Wy | 28-45 | 23°85 | 2425 | 247 | 25:05 | 254 | 258 | 26-2 =| 265 7 es 
A 817 | 835 | 853 | 871 | 889 | 9°07 | 9:25 | 948 | 9°61 9°79 
9 I [2135 2165 [2195 (2225 [225:0 [2280 [2305 [223° (2860 [239-0 | 
Wg 28°25 | 28:7 29°2 (29°77 8015] -80°6 (| 81°05. || 81-5 F820 9/825 7 x 3 
A 879 | 899 | 919 | 939 | 9:59 | 9-79 | 9-99 | 10°19 | 10°39 | 10°59 | 10-79 
10 I 2760 2800 2840 2880 915 95-0 [2985 2020 3055 )809°0 [312-0 
‘ iy | 38:3 | 889 | 34:5 | B51 | 85°65 | 86-2 | 86-75 | 37:3 | 8785 | 384 | 889 | | 
A 9°47 | 971 | 995 | 10°19 | 10-43 | 10°67 | 10°91 | 11°15 | 11°39 | 11°63 | 11°87 | 12°11 | 12°85 
12 I |1075 4140 4200 426-0 32:0 380 4440 4500 4560 [62:0 680 4740 (479°0 
Wy | 416 | 424 | 482 | 440 | 448 | 456 | 46°35 | 47-1 | 47-9 | 48-7 | 49°5 | 50-25 | 51-0 
A 10°04 | 10°28 | 10°52 | 10-76 | 11°00 | 11-24 | 11°48 | 11°72 | 11-96 | 12-20 | 12-44 | 1268 | 12-92 
12 I 1320 380 4440 4500) 56-0 620 GSO 4740-4800 HBEO 91S 97-0 502" 
I 445 | 45:3 | 461 | 469 | 47-7 | 48:45 | 492 | 500 | 50°85 1 51:7 152-45 | 53-2 | 54-0 


ayet Ol OSE wes DL files Bale Me 


TABLE 56 


(SEE CONTINUATION) 


GEOMETRICAL PROPERTIES OF SECTIONS 


A =Sectional area of channel in 
square inches. 


I=Moment of inertia about 


neutral axis XX in inch units. Ma conjunction 


tify = Modulus of resistance of 
section in inch units. 


with plating 


CHANNELS HAVING 4-in. 


FLANGE 


4 
Hotei THICE. THICKNESS OF WEB IN INCHES | 
NESS 0 | 
OF WEB ITEM sa — -~—--— —--- —— - — —__—__—_—__—_- - 
FLANGE 
IN INCHES | soums 38 | 40 | 42 “44 46 48 | 50 | 52 54 “56 
A 10°65 10°89 11 
i “60 I 460°5 466°5 4720 
lly 47°80 48°60 49°40 
A 12°35 12°65 12°95 
15 62 I 716°5 7845 795-0 806-0 
lly 59°70 67°05 68°25 69°45 


i I ee ee 


THICK- 
DEPTH 
NESS OF 
OF WEB ITEM a 
FLANGE 
IN INCHES 


IN INCHES 


15 


iv 


lr, , wea iia, eee pee mT 


11°61 
484-0 
51°00 


11°85 
489°5 
51°80 


13°85 
837°5 
73°00 


15°42 
1154-0 
90°50 


12°09 
495°5 
52°60 
14°15 
848°0 
74°20 


—| 


15°76 
1168°0 
92°00 


| 


| 


THICKNESS OF WEB IN INCHES 


“66 


12°38 
501°0 
53°35 
14°45 
858'0 
75°35 


16°10 
1182°5 
93°45 


“68 


12°57 
506°5 
54°15 


14°75 
868°0 
76°50 


16°44 


119675 


94°90 


15°05 
8785 
77°70 


16°78 
1210°5 
96°35 


15°35 
888-0 
78°85 


17°12 
1224-0 
97°80 


“74 


13°29 
523°0 
56°45 


15°65 
898-0 
80°00 


17°80 
1251°0 
100°65 | 


“78 


13°77 
5340 
57°99 


16°25 
917°5 
82°20 


18°14 
12645 
102°05 


TABLE 56 


(SEE CONTINUATION) 


GEOMETRICAL PROPERTIES OF SECTIONS 


24” x -40"” 


_ INVERTED ANGLES 


A = Sectional area of angle in square inches. 
I= Moment of inertia about , HAVING 2h-in. FLANGE 
neutral axis XX in inch units. i conjunction 


ily = Modulus of resistance of section { with plating. 
in inch units. J 


THI Ei oO INCHES 
DEPTH CKNESS OF WEB IN Cc 


OF WEB = — 


IN INCHES - - . -26 


DEPTH THICKNESS OF WEB IN INCHES 


OF WEB 


IN INCHES . . - - . | 
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TABLE 56 


acer nail le GEOMETRICAL PROPERTIES OF SECTIONS 
INVERTED ANGLES = 
A = Sectional area of angle in square inches. ; 
I= Moment of inertia about HAVING 3-in. FLANGE SR 277k ae, 
neutral axis XX in inch shales conjunction I 
lly = Modulus of resistance of { with plating. Y 


section in inch units. J I 


i] DEPTH THICKNESS OF WEB IN INCHES 
; 
OF WEB 1TEM _ — — — SS - — — ~ ~ —_ 
IN INCHES 26 28 -30 +32 *34 36 +38 “40 -49 
) A 1-49 1-60 171 1:82 1:92 2°03 2°14 2°24 2°34 
3 8°6 91 9°6 10:0 10°5 10°9 113 8 Oi 12°] 
ly 3-0 3-2 3-4 3°6 3°7 3-9 41 4-2 44 
| A 1°62 1:74 1:86 1:98 2°09 21) | "1 2°88 2-44 2°55 
34 12°0 12°7 13°3 140 14°6 15°2 | 15°8 16°4 16°9 
Uy 3°6 3-9 41 43 45 47 50 52 54 
A 1:75 1°88 2-01 214 2°26 -| 2°89 2°52 2°64 2°76 
4 I 16°3 171 17-9 18°8 196 | 20-4 21:2 22-0 22-7 
: ly 44 46 4°9 51 54 56 59 61 64 
i > 4 | a RA ek | 
| A 2-01 2°16 2°31 2°46 2°60 2°75 2-90 3-04 3°18 
5 I 26-4 27°9 29°4 809° 853" 7 Be 34°9 36:2 87°4 
ly 57 1 6:5 SO: beer 73 7°6 8-0 8:3 8:7 
' SS! = ‘ eee . ©. ——— = : £& = Pa + . anit =e = 
| 
A 2:27 2°44 2°61 2°78 2°94 3°11 3°28 3:44 3°60 
| 6 I 40°0 42-4 44°6 46°8 48°9 50°9 52:8 54:7 56°6 
Uy 74 7-9 8:4 8 9°3 9°8 10°3 10°7 111 
| DEPTH THICKNESS OF WEB IN INCHES 
Vi OF WEB ITEM = = - = i = : _ = - 
| IN INCHES 44 46 48 | 50 52 | 54Ci| Ss *56 58 60 
; = _ a — ——e 
A 2°45 2°55 2°65 2°75 2°85 2°95 3°05 3°14 
3 124 12°8 13°1 13°4 137 || 140 14°3 146 
| ly 46 47 49 5-0 52} | ofS br4 55 
| A 2°67 2°78 2°89 3-00 311 3°22 3°33 3°43 3°54 
| 34 I 174 17°9 18°4 18°9 19°3 19°7 20° 20° 20°8 
i ty 56 58 60 61 63 65 | 66) || 68 69 
| 
- —___— — —| 
) A 2°89 3-01 3°18 3:25 3°37 3°49 3°61 8-72 3°84 
4 I 23-4 241 =| «248 25-4 26-0 26°5 27°1 27°6 28°1 
lly 66 695) Re O74 73 7°6 78 8-0 8:2 8-4 
A 3°33 8:47 3°61 3°75 3°89 4°03 4°17 4°30 4°44 
5 I 38°6 39°8 40°9 41-9 42°9 43°9 44°8 45°8 46°7 
Uy 9-0 3 | 96 9-9 10°2 10°5 10°8 111 11:3 
A 3-77 3°93 4-09 4°25 4°41 4°57 4°78 4°88 5-04 
6 I 584 60°2 62°0 63°6 65°1 66°6 68°2 69:7 71-0 
Vy 116 12-0 12+4 12°8 13°2 13°6 140 14-4 147 
A eee eee ee vs 


Chan TN Vehlan ke 104 


| TABLE 56 


GEOMETRICAL PROPERTIES OF SECTIONS (SEE CONTINUATION) 


7M thle, Sas 310) 


INVERTED ANGLES 
HAVING 3}-in. FLANGE 


A = Sectional area of angle in square inches. 
I= Moment of inertia about 
neutral axis XX in inch units. | In conjunction 
\ly = Modulus of resistance of section | with plating. 
in inch units. 


THICKNESS OF WEB IN INCHES 


DEPTH 
OF WEB ITEM — ; : = = = — ——- —-- 
Pa TAOS "26 28 | “30 | “32 34 2 | = *36 “38 40 | 42 “44 46 48 
A 1:75 1:88 2-01 214 | 2:26 2°39 2°52 2°64 2-76 2°89 301 3°13 
34 I 152 =| 161 16-9 178 | 186 19°3 20°1 20°9 21°6 22°3 229 23°6 
5 lly : 4°6 4°9 52 54 5-7 59 6-2 6-4 6°7 6°9 71 
| 
A 188 2-02 2°16 2°30 2-43 2°57 2°71 2-84 2°97 311 $24 | 3:87 
4 I 200 | 211 22°2 23°3 24°3 25-4 26°4 27-4 28-4 29°4 30°4 31°3 
Ily bl | B4 57 6-0 6-3 6-7 70 73 75 7-8 81 8-4 
A 214 | 2°30 2-46 bee. 4277 2-93 3-09 3°24 3°39 3°55 3°70 3°85 
5 I 823 | 842 36°0 37°99 | 39:7 41-4 4371 44-7 46°3 47°8 49-2 50°7 
ify Gti) ie 76 8-0 85 | 89 9°3 9°7 1071 10°5 108 11:2 
a | = oa 
A 2°76 2°94 oll 3°29 | 3°47 3°64 3°81 3°99 4:16 4°33 
6 I 54:3 57-0 59°6 622 | 646 67-0 69°3 71°6 73°9 76°1 
}e 97 10°2 10°7 112 | 11'8 12°3 12°8 13°3 13°8 | 8 
. | = |} = 
A 3-45 365 | 3:85 4-04 4°23 4-43 462 | 4°81 
7 I | 843 880 = 915 95-0 98°5 101:7 105-0 108°1 
Uy | 188 13-9 14°6 15°3 15°9 16°5 17-2 | 17°8 
DEPTH THICKNESS OF WEB IN INCHES 
OF WEB ITEM a — - - _ — ——~ —— = —— — 


IN INCHES 


19°2 


6°86 
137-7 
23°8 


bo bo | 
mm Oro | 
bob © 
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TABLE 56 


GEOMETRICAL PROPERTIES OF SECTIONS 


(CONCLUDED) 
24” x :60” 
; d z INVERTED ANGLES NEE 
A = Sectional area of angle in square inches. peices Banal ag 
I= Moment of inertia about HAVING 4-in. FLANGE $ 
neutral axis XX in inch units. { In conjunction y 
I/y = Modulus of resistance of ( with plating. { 
section in inch units. } 
43 a 
DEPTH THICKNESS OF WEB IN INCHES 
OF WEB ITEM ST 
IN KOH “30 32 “34 “36 38 | “40 “42 “44 “46 48 | 50 | 52 54 
_ | — _ _ — - EE 
A 2°31 2°46 2°60 2°75 | 2°90 3°04 3°18 3°33 3°47 3°61 3°75 3°89 4°03 
4 I 24°4 25°7 26°9 ‘281 = | 29°3 30°4 314 32°4 33°83 34:3 35:2 36°1 37-0 
Y 64 6°7 7 la | 74 78 81 84. 87 9°0 9°3 9°6 9°9 10°2 
A 2°61 2°78 2°94 3°11 3°28 3°44 3°60 3°77 8:93 | 4:09 4°25 441 | 4:57 
5 u 39°0 41-0 43°0 44-9 46°7 48°5 50°2 519 53°5 55'1 56°7 58°2 59°6 
Y 83 88 9°2 9°7 10°1 10°6 tak) 115 11:9 12°3 12°7 182 | 136 
A: 3°38 3°47 | 33°66 3°84 4°02 4°21 4°39 4°57 4°75 : 493 | 511 
6 I 63°2 660 688 71°6 74°3 76°8 79°3 817 840 86°4 88°6 
Y 11°5 12°1 | 12°7 13°3 13°8 14°4 15°0 15°5 16°1 16°6 1g ia! 
A | 4°64 4°86 5°09 5°31 5°53 5°75 5°97 6°19 
8 I 138°0 142°7 147°3 151°9 156°4 160°8 165°0 169°3 
Y | 19-8 20°6 21-4 22-2 23-0 23°8 24-6 25-4 
A 5°28 5°53 5°77 6°01 6°25 6°49 6°73 
9 ir 1850 191°3 197°6 203°6 209°6 215°6 22174 
Y 241 25°1 2671 27°1 28°1 29°0 30°0 
A 597 | 623 | 649 | 675 | 701 | 7:97 
10 be | 243°7 251°5 =| 259°2 266°8 27471 2813 
¥ | 29-1 | 802 | 813 | 824 | 886 | 847 


DEPTH 
OF WEB 


THICKNESS OF WEB IN INCHES 


TM SHORES b6 58 | -60 | 62 64 66 68 | “70 | 72 “74 
| 
417 | 480 |- 444 | 458 | 471 | 484 tis ee 
37-9 38°7 39°6 404 41°3 421 | 
105 | 108 | -atd 114°] 11:7 | 120 
4738 | 488 | 5°04 | 5:20 | 535 | 550 | 5:66 | 5°81 
61-1 | 625 | 689 | 652 | 665 | 67-7 | 689 | 700 
40 | 144 | 147) | 151 155)—| «158 =| «16-2 165 
529 | 546 | 564 | 5:82 | 5:99 | 616 | 634 | 651 | 668 | 6-85 
907 | 928 | 948 | 968 | 987 (1006 |1024 [1041 [1058 107-5 
176 =| 181 186 | 19-1 196 | 200 | 205 | 209 | 203 | 21°8 
641 6°62 6-84 7-06 | 7:27 748 | 770 | 7-91 812 | 833 
1735-1775 f18i-s = J185°3 | 1890 = 1926 = 196-2 1996 202-9 2060 
262 | 269 | 27-7 | 285 | 992 | 29-9 | 306 | 31:3 | 320 | 326 
6°97 720 | 744 | 768 | 791 | 814 | 838 | 861 884 | 9:07 
226-9 |2322 |2375 [242-5 [247-5 (259-2 (2568 |261°3 [2657 | 270°0 
309 | 318 | 327 | 336 | 344 | 353 | 862 | 370 | 878 | 386 
758 | 7:78 | 804 | 830 | 855 | 880 | 9:06 | 931 | 9:56 | 9:81 
2884 (2953 |302:0 |3087 [3153 (321°6 |327°8 13338 13396 (3451 
se | 369 «| 380 | 390 | 401 | 4rd | 481 48-1 | 440 | 450 
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16 | 78 | -80 


875 8°96 


8°54 
209°0 212°0 214°8 
332 | 338 | 344 
930 | 9:53 | 976 
2743 2785 ~~ | 282-7 
394 | 402 | 41-0 
10°06 | 10°31 | 10°56 
350°3 13553 | 360-0 
459 | 467 | 475 
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TABLE 6O 


BOTTOM AND SIDE TRANSVERSES 
VERTICAL WEBS ON LONGITUDINAL BULKHEADS 
CONTINUOUS CENTRE LINE BOTTOM GIRDER 


11-8 | 12-3 13-0 


63X-50 64X-50 | 65X-50 | 66X-50 | 67X+50 | G8X-50 69X50 70X50 71X50 |72X-50 | 74x 


| 87X-42 | 37X-44 | 87X44 | 88X44 | 40X-46 | 42X-46 | 


NUMERAL 
320 | 340 860 880 400 420 440 460 480 50 
| | ‘ 


PTH AND THICKNESS OF WEB IN INCHES 
FACE AREA IN SQUARE INCHES 


36X42 86X44 | 36X-44 37X44 
19 | 20 | 2-1 | 22 | 24 


388X-46 40 X-46 | 
2-5 


28 | 80 | 82 | 88 | 84 | 34 | 


39X-42 | 39X-44 | 40X-44 | 41X44 | 43X-46 | 45X-46 46X-46 
46 | 50 | 58 5B 53 | 58 5:3 


“ALX-42 | 42X-44 | 43X44 45X44 47X46 | 48X-46 49X46 50X46 


pares | | - | 
saX | 200 | 220 | 240 | 260 280 | 300 
| DE: 
Feet | = 
s | 33X-38 | 33X-38 34X-38 | 34X-40 | 35X-40 | 35x-42 
t 1-4 1-4 | 5 | ©6 17 | 1-8 
10 | 34.X+38 | 84X-88 | 35X-40 | 85X-40 | 36X-40 | 86X-42 | 
15 | 1-7 | 18 |. 19 2.0 2-4 
12 | 85X+38 | 36X-40 | 37X-40 | 87X-40 | 88X-42 | 38X-42 
| 25 2-9 | 3-2 | 3-6 3-9 4:3 
14 (37X40 38X-40 39X40) 40X-40 40-42 | 41X-42 
aw 2 4-6 5-0 | 5:6 6-0 6-5 
16 | 89X-40 | 40-40 | 41x-42 | 42x-42 | 43x-42 | 44x-42 
: | 5-7 6-4 7-0 75 8-0 8-6 
1g | 12%-42 43X42 | 44X-42 | 45X42 46X-42 47-44 
| 7-2 | 80 8-7 | 95 10:2) 10-8 | 
20 | 45X42 46X42 47X44 48X44 50-44 
a | 9-0 | 9-4 10-1 10-9 | 11-5 
bo A ADXAA DOXA 51X44 53x: 
| 1000) 10-6 | 13 | 
24 | 53X46 | 54X-46 | 55X46 
| 108 | 11-4 | 12-0 | 
| 56X-48 | 57X48 | 58X- 
26 16 X-48 | 57X48 58x | 
10-8 0 14 | 12-0 | 
28 | 60X-50 61x: 
- 15 121 
30 | | . 
| 12-2 
32 
34 
36 


6-9 | 7:3 7-7 7-8 7-8 | 7:9 7:9 79 

45X44 46X44 47X44 48X46 50X46 51X46 53X46 54X48 56X48 59x 
9-0 | 95 | 10:0 | 10-2 | 10-4 | 106 10-6 10-6 10:6 | 104 
A8X-44 | 49X44 50X46 | 51X46 53X46 55X-46 57X48 59X48 GOX4B 62% 
11-4 | 120 | 12-6 | 12-8 | 12-9 | 12-9 | 18:0 | 18:0 | 18-0 | 1 
51X44 | 52X46 | 53X46 | 54X-46 | HGX-48 G8X-48 59X-48 G1X-48 | 63X-48 644 
120 | 126 | 181 | 185 | 138 | 140 | 142 | 142 | 143 | 14 


46 D4X-46 | 5DX46 DOX4G 57X48 59X48 61X48 62X48 64X48 G5X-50 66x! 


13-6 | 14-1 | 146 | 149 | 15-2 | 15-4 | 15-5 | Ibi 
BTX+48 DBXAB_5YX48 60X48 | 61X-48 | 63X-50 64X-50 66X-50 67X-50 68%: 
126 | 134 | 140 | 14-8 | 15-4 | 15:8 | 16-2 | 16-5 | 16-7 | 161 


48 GOX-48 61X-50 62X-50 63X-50 64X-50 65X50 66X50 67%+50 69X-50 70X1 


12-9 | 188 | 14:5 | 15-4 | 16-1 | 16-7 | 17:3 | 17-6 | 17-9 | 181 


50 62X-50 63X-50 64X-50  65X-50 | 66X-50 | 67X50 68X-50 | 69X50 70X-50 72x 


13-2 | 14-1 | 15-0 | 16-0 | 16-8 | 17-6 | 183 | 188 | 19-2 | 18 


18-6 | 14:7 | 157 | 16-7 | 17:6 | 185 | 19-3 | 19-9 | 20-5 | 208 
66X-50 | 67X-50 | 68X-50 | 69X-50 | 70X-50 | 71X-50 | 72X-50 | 73X-50 | 74X-50 | 76X4 
13-9 | 15-2 | 16-4 | 17-4 | 188 | 19-4 | 20-5 | 21-0 | 21-5 | 21 
'69X+50 | 70X-50 | 71X+50 | 72X50 |73X-50 74X-50 | 75X-50 | 76X-50 | 78x! 
| 15:8 | 17-1 | 181 | 19-0 | 20-3 | 21-4 | 22-0 | 29-5 | 994 

79X-50 | 73X-50 | 74X-50 | 75X+50 | 76X+50 | 77X+50 | 78X+50 | 80X4 
| | 17-7 | 187 | 19-7 | 91-2 | 22-8 | 28:0 | 23-6 | 93 


_NOTES.—TABLE 60 


1. Numeral is to be calculated as foliows :-— 


(a) FOR BOTTOM TRANSVERSES 
Numeral = s x D 


Where s = spacing of transverses, in feet 
D = Moulded depth of ship, in feet. 


Where the bottom transverse in the centre tank is 
supported by a continuous centre line girder the numeral 


may be taken as ‘9(sx D). 


(b) FOR CENTRE LINE BOTTOM GIRDERS SUPPOR- 


TING TRANSVERSES 
Numeral = b x D 


(c) FOR SIDE TRANSVERSES AND LONGITUDINAL 
BULKHEAD VERTICAL WEBS SUPPORTING LONGITUDINALS 
OR HORIZONTAL GIRDERS 


Numeral = 14s x h 
Where s = spacing of transverses, in feet 
h = vertical distance in feet from the mid- 
point of the span to the deck at side, amidships. 
Side transverses or webs which are supported by cross 
ties are to be in accordance with Table 63. 


Where b = half breadth of centre tank, in feet 2. Span is the distance in feet from “Span Point” 
D = Moulded depth of ship, in feet. 


Chap. D, Table 60 


to “Span Point ” (see Sketch following Table 77). 


TABLE 6O 
BOTTOM AND SIDE TRANSVERSES 
VERTICAL WEBS ON LONGITUDINAL BULKHEADS 
CONTINUOUS CENTRE LINE BOTTOM GIRDER 
NUMERAL 
s 
520 540 560 580 600 620 640 660 680 700 720 740 760 | 780 800 
DEPTH AND THICKNESS OF WEB IN INCHES 
FACE AREA IN SQUARE INCHES | rt 
—_ | Feet 
 < 
= er: pas ee ee ere 
| 10 
(" 
| 12 
a r = | 
14 
| | 16 
= —t — 
b4X- 
64X-+48 18 
1340 op 
66X50 68X-50 | 70-50 | 72-50 74-50) 76X-50 | 77X50 79X-50) 80-50 81-50! 82x-52 20 
14:3 14:3 14-3 14-3 14:3 14-3 14:3 14-3 14-3 14°3 14-3 | 
68X50 70X-50 | 72-50 | 74-50 | 76X-50 | 78X-50 | 79X-50 | 81-50! 82-50 | 84-52! 85-52! 87x-52) 89x-52 22 
15-6 15-6 15-6 15-6 15-6 15-6 15-6 15-6 15-6 15-6 15-6 15-6 15-6 
70X50 | 72X-50 74X-50 76-50) 78X-50 79-50 81-50 83x-50) 84-52 86 X-+52 88xX-52 | 90X-52) 92-52 94X-52 | 96 X-52 24 
16-9 16-9 16-9 16-9 16-9 16-9 16-9 16-9 16-9 16-9 16-9 16-9 16-9 16-9 16-9 | a 
72X:50 | 74X-50 76X-50 78X-50 80X-50 82-50) 84-50 86X-52) 87-52 89-52) 91x-52| 98x-52 94X-52 | 96 X-52 98X-52 | 26 
181 | 181 | 181 | 181 | 181 | 181 | 181 | 181 | 181 18-1 18-1 18-1 18-1 18-1 16-1. eg 
74X-50 76-50 78-50 80X-50 82-50 84-50 86-52 88X-52 | 90-52 92-52) 94xX-52)°95xX-52| 97-52) 99-52 | 100X-52 | 28 
19-4 19-4 19-4 19-4 19-4 19-4 19-4 19-4 19-4 19-4 19-4 19-4 19-4 19-4 19-4 
i: jo 
76X-50 78X-50 80X-50 | 82-50 84-50 | 86X-52 | 88-52 90X-52) 92-52 94-52) 96X-52, 97X-52) 99xX-52)101X-52 | 103-52 | 30 
20-6 20-6 20-7 20-7 20-7 20-7 20:7 20-7 20-7 20-7 20-7 20-7 20-7 20-7 20-7 | 
78X-50 | 80-50 82-50 | 84-50) 86X-52  88X-52 | 90-52 | 92-52 | 94-52 96X-52| 98X-52) 100X-52 | 102X- 52] 104-52 106 X-52 | 32 
21-7 21-8 21-9 21-9 21-9 21-9 21-9 21-9 21-9 21-9 21-9 21-9 21-9 21-9 | 21-9 | 
80X-50 82-50 84-50 86-52 88X-52 9OX-52 | 92-52 94X-52 | 96 X-52 98-52) 100-52 102-52 | 104-52 106X-52) 109X-52 34 
23-0 | 23-1 | 23-1 | 23-1 | 28-1 | 28-1 | 28-1 | 28-1 | 23-1 23-1 23-1 23-1 23-1 2a-1 | 88-1) 9b ss 
82X-50 | 84-50 | 86-52 | 88X-52 90 X-52 | 92X-52 | 94-52 96-52) 98X-52 | 100-52 102-52 104-52 106X-52 | 109X-52 112X-52_ 36 
24-0 24-2 24-3 24-3 24-3 24-3 24-3 24-3 24-3 24-3 2: 24-3 24-3 | 243 | 24-3 


NOTES.—TABLE 60 (concluded) 


3. Depth given in the Table is the depth of the web 
plate. 


rate of 5 per cent per foot of difference between the spacing 
of the transverses and 10 feet. 

Where substantial intercostal bottom side girders are 
4. Vertical webs on longitudinal bulkheads may arranged, the minimum depth derived as above may be 
have web plates 10 per cent less in thickness than required 


by the Table. 


reduced by 5 per cent. 

(b) No part of the structure within cargo tanks and 
cofferdams is to be less in thickness than required by 
For bottom trans- Table 77. 
Verses the depth of web is not to be less than -055 B, 


where B is the moulded breadth in feet, modified at, the 6. 


5. Minimum requirements.—(a) 


This Table does not apply to corrugated bulkheads. 
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TaBLE ©1 


DECK TRANSVERSES 


NUMERAL 
SPAN | | | | 
40 44 48 52 Ci|CtC 60 | 64 68 
| | | a | | : | — : = 
DEPTH AND THICKNESS OF WEB IN INCHES 
FACE AREA IN SQUARE INCHES 
Feet ihe ue ee od =. = Peay Pos z = a =a 
8 94x40 25 x +40 26 X +40 27 X41 27 X-41 28 X-41 29 x -42 30 X +42 
| 2-5 2-6 2-7 2-8 2-9 3-0 3-1 3-2 
| : =< in ; | z 
| | 
9 | 25 x-40 26 x -40 27 X +40 28 X-41 28 X-41 29 X-41 30 X +42 31 X +42 
| 2-6 2-7 2-8 2-9 3-0 3-1 3-2 3:3 
‘0 85 x +40 26 X-40 27 X +40 28 X-41 29 X-41 29xX-41 | 80. X-42 31 +42 
2-8 2-9 3-0 3-1 3-2 3-3 3-4 3-5 
11 26 x +40 27 x +40 28 X -40 28 X-41 29 X-41 30 X-41 30 X +42 31 X42 
2-9 3-0 3-1 3-2 3-3 3-4 3-5 3-6 
io 26 X +40 27 X-40 28 X +40 29 X +41 30 X41 31X-41 31 X +42 32 X +42 
3-0 3-1 3:3 3-4 3-5 3-6 3:7 3:8 
ia 27 X +40 28 x -40 29 x -40 30 X-41 31 X-41 31 X-41 32 x +42 33 X +42 
3-2 3:3 3-4 35 8-7 3:8 3-9 4-0 
14 27 x -40 28 x -40 29 X-40 30 X41 31X-41 32 X-41 33 X42 34 x42 
8-4 35 3-6 3-7 3-9 4-0 4-1 4-2 
is 27X-40 | 28xX-40 29 x -40 30 X-41 31X-41 32 X-41 33 X42 34 X +42 
3-6 3-7 3-9 4-0 | 4-1 4-2 4-3 4-4 
fa 28 x -40 29 x +40 30 X +40 31X-41 32 X-41 33 X-41 34 x +42 35 X42 
3-9 4-0 rh hee 4-2 4:3 44 45 4:6 


NOTES.—TABLE 61 


1. Numeral is to be calculated as follows :— 
For Centre TANK 


For Wine Tanks 


(c) Numeral = ‘O11 s X L. 
Where s = Spacing of transverses, in feet 


¢  . 4 
(a) feat, rn a4 Bax L where centre beat sit ay se ae 

ine girder is no ) cone 2. Span is the distance in feet from “Span Point” to 
(6) Numeral = -0135 s x L where centre “Span Point’ of the transverse (see Sketch, following 


line girder is continuous. Table 77). 
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DECK TRANSVERSES 


TABLE 61 


NUMERAL 
| SPAN 
72 76 80 84 88 92 96 100 
DEPTH AND THICKNESS OF WEB IN INCHES 
FACE AREA IN SQUARE INCHES 
= YS — Feet 
| | 
30 X42 31 X-43 31 X-43 32 X-43 33 X-44 34X44 34X44 85X44 8 
3:3 3-4 3-5 3-7 3-8 3-9 4-0 | 4-1 
31 X-42 32 X +48 32 X-43 83X43 | 84X-44 35 X-44 35 X +44 36 X +44 9 
35 3-6 3-7 3-9 3-9 4-1 4-2 43 
32 x 42 32 X +43 33 X-43 33 X +43 34X44 85 X+44 36 X44 36 X-44 10 
3-6 rd 3-9 4-0 4-1 4-3 4-4 4-5 
32 X42 33 X-43 83 X-43 34X-48 85 X-44 36 X+44 87 X-44 37 X +44 4 
3-8 39 41 4-2 4:3 4-5 46 | 4-8 
| 
88 X42 84X43 34X48 85X-48 | | 86 X44 87 X+44 87X-44 | 88 X-4d ‘2 
40 4-1 4-3 4-4 | 4-6 4-7 4:8 | 5-0 
| | 
84.X +42 35 X +48 85 X-43 36 X +43 86X-44 | = 87 X-44 38 x +44 39 X +44 13 
41 4-8 4-5 4-6 4-8 | 4-9 5-1 5-2 
| rece JU0G | | a 
35 X +42 36 X +48 36 X43 37 X-43 | 38 X+44 38 X+44 39 X+44 39 X+44 fa 
43 4-5 4-7 4-8 | 5-0 5-1 5:8 5-5 
35 X42 36 X +48 37 X +48 38x-48 | | 89xX-44 39 X44 40 X-44 40 X-44 a 
45 4-7 4-9 5-0 | 5-2 5:8 5d | 5-7 
| 
36 X42 87 X48 38 X +43 39X-48 | | 40 X44 40 X +44 41X-44 41X44 Pe 
48 4-9 5-1 5-3 5-4 5-6 5-7 59 
| | 
STN eee 


NOTES.—TABLE 61 (concluded) 


3. Depth given in the Table is the depth of the web plate. 


4. Minimum requirements.—(a) The depth of web is 
hot to be less than -04 B, where B is the moulded breadth in 
feet, modified at the rate of 5 per cent per foot of difference 
between the spacing of the transverses and 10 feet. 


Where substantial intercostal deck side girders are 
arranged, the minimum depth derived as above may be 
reduced by 5 per cent. 

(b) No part of the structure within cargo tanks and 
cofferdams is to be less in thickness than required by 
Table 77. 
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TABLE 62 


INTERCOSTAL CENTRE LINE BOTTOM GIRDER 


GIRDER DEPTH 
AND THICKNESS 


FACE AREA 


Inches Square inches 


35 X +38 Bi) 


| 
| 
| NOTES—TABLE 62 


i" 1. B and D are the moulded breadth and depth of 
the ship, in feet. 


2. Correction for spacing of transverses. ‘The 

depth of the girder is to be modified at the rate of 5 per 

|| cent per foot of difference between the spacing of trans- 
verses and 10 feet. The face area is to remain unaltered. 


3. Depth of girder need not exceed depth of the bottom 
transverses, but if this is less than the depth derived from 
the Table the face area is to be suitably increased. 


4. Minimum thicknesses.—No part of the structure 
within cargo tanks and cofferdams is to be less in thickness 
than required by Table 77. 
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TABLE 63 


SIDE TRANSVERSES AND VERTICAL WEBS ON LONGITUDINAL 
BULKHEADS, SUPPORTED BY TWO CROSS TIES 


DEPTH =e! | THICKNESS OF 
D | TRANSVERSE | LONGITUDINAL | gperiy thea FACE AREA 
| FRAMING FRAMING 

Feet Inches Inches | Inches | Square inches 
26 20 | 38 2.0 

28 22 40 22 
30 20 24 40 2-4 

32 22 26 42 2-6 

34 24 28 42 2-8 

36 28 32 44 | 28 

38 32 36 44 30 
40 36 40 46 30 
42 | 40 At +46 3-0 

44 | 44 | as -48 3-0 

46 | 48 | 52 -48 | 30 


DEPTH OF WEB 


NOTES.—TABLE 63 


1. Depth of web given in the Table is the depth of 
the web plate. 

2. Correction for spacing of transverses.—If the 
spacing of transverses differs from 10 feet the depth of web 
is to be modified at the rate of 5 per cent for every foot of 
difference. The face area and the thickness of web are to 
correspond with the corrected depth. 


3. Correction for number of cross ties.—When one 
cross tie is fitted the depth of the web after correction by 
note 2 if necessary, is to be increased by 15 per cent ; when 
there are three cross ties the depth may be reduced by 
10 per cent. 


4. Webs on longitudinal bulkheads.—Webs on 
longitudinal bulkheads may be 10 per cent less in thickness 
than required for side transverses. 

5. The scantlings of side transverses and vertical webs 
on longitudinal bulkheads supporting longitudinals or 
horizontal girders, and not themselves supported by cross 
ties, are not to be less than required by Table 60 and 
associated notes. 

6. Minimum thicknesses.—No part of the side 
transverses or vertical webs is to be less in thickness than 
required by Table 77. 

7. This Table does not apply to corrugated bulkheads. 
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TABLE 64 
SIDE STRINGERS 


HORIZONTAL GIRDERS ON LONGITUDINAL AND TRANSVERSE BULKHEADS 
VERTICAL WEBS ON TRANSVERSE BULKHEADS 


- | NUMERAL 
SPAN Bas nee lite | | : 7 a 
100 120 140 ~~ = 160 180 200 220 240 260 
= =, ee Baa oe 4 
DEPTH AND THICKNESS OF WEB IN INCHES 
Feet | FACE AREA IN SQUARE INCHES 
5 23 X-38 23 X -38 23 X -88 24x-40 | 24-40 24x -40 25 X40 26 X-40 27 Xf 
1-2 1-2 1-3 1-4 1-4 15 1-5 1-6 1-7 
. 24 X-38 24 x +38 24 x40 25 x -40 | 25 X +40 25 X40 26 x -40 27 X40 28 X +4) 
1-4 15 1-6 L-7 1-9 21 2-2 2-3 2-4 
16 ) 26X-38 | 26x-40 26x-40 | 27x-40 27 X40 27 X-40 28 X -40 29 X +42 30 X +43 
| 16 | 1-6 1-8 20 | 2-2 2-5 2-7 2-9 3-1 
= | 27x-40 | 27x-40 27 X40 28x-40 | 28x-40 28 X42 29 x +42 30 X42 31 X43 
1-7 1-7 1-9 2-1 2-4 2-8 31 3-4 3-7 
es 29 x40 29 x40 29 x +40 30 X42 30 +42 30 x -42 31x -42 32 x +42 33 X43 
1-9 1-9 2-0 2-3 2-7 3-1 3-5 3-9 4:3 
a 32 x -42 32 x -42 33 X42 33 X -42 34 X42 34X42 35 X +42 36 X44 87 X44 
2-0 2-0 2.2 2-7 3-2 3:8 4-3 4-8 5:8 
<— — = eed Sao == = = 
- 36 X42 36 X42 87X42 | 37X-42 38 X +42 38 x -42 39 X44 40 X44 41 X-44 
| 2-0 2.0 2-4 =| 30. | 3-7 45 58 5:9 6-4 
oa 40 X-44 40 X +44 41X44 41X44 42 X44 42X44 48 X +44 44X44 45 X-4 
2-1 2-1 2-6 3-4 4-2 5-0 59 6-7 75 
oe 45 X-44 45 X44 46 X +44 46 X +44 47 X44 47 X44 48 X44 49 X44 50 X46 
| 2-2 22 2-8 3-8 4-8 5:7 6-6 75 8-4 
ose | 49X46 | 49x -46 50 X46 50 X-46 51X-46 51 X +46 52 X46 53 X-46 54 X-4i 
24 | 2-4 3-0 4-2 54 6-4 74 8-4 9-4 
$4 | B4xX-48 | 54x-48 55 X48 5D X-48 56 X-48 56 X-48 57 X48 58 X-48 59 X48 
| 2-6 | 2-7 3-2 4-6 6-0 7-2 8-4 9-5 10:6 
mn 57 X-50 57 X-50 58x-50 | 59X-50 59 X-50 60 X +50 61 X-50 62 XH 
| 2-9 8.4 Dae 704 6-7 8-J 9-5 10-8 121 
2 61 x-50 61x-50 | 61x-50 | 62x-50 62 x -50 63 X +50 64-50 65 X-i0 
2 3-1 $6 | 57 7:7 9-3 10-8 12-2 13-7 
oe 63 X-50 63-50 64.X-50 64.X-50 5 X +50 65 X-50 66 X50 67 X-i0 
30 3.2 3.8 6-5 9-2 111 12-6 14-1 15-7 
66 X-50 66 x-50 67x-50 | 67-50 68 X -50 68 X +50 69 X +50 70 x-il 
82 3-3 3-9 7-4 10-6 12-8 14-4 16-0 177 


DL 


NOTES.—TABLE 64 


Where vertical webs to transverse bulkheads other 
than webs at the centre line are attached to continuous 
girders at the bottom and deck thus forming a ring 
system of structure, Numeral = ‘8b xh. 


1. Numeral is to be calculated as follows :— 

(a) FOR LOWER STRINGERS AND HORIZONTAL GIRDERS 
AND FOR VERTICAL WEBS 

Numeral = b x h 

Where b = width in feet of plating supported. 

For lower side stringers or girders b is to be taken as 
half the distance between the next stringer or girder and 
the base line. 


(b) FOR MIDDLE OR SINGLE STRINGERS AND GIRDERS 
Numeral = b x h 


h = Vertical distance in feet from the mid-point of 
the span to the highest point of the tank, 
excluding the hatchway. 


(c) FoR UPPER STRINGERS AND GIRDERS 
Numeral = 1°2 b x h 
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SIDE STRINGERS 
HORIZONTAL GIRDERS ON LONGITUDINAL AND TRANSVERSE BULKHEADS 
VERTICAL WEBS ON TRANSVERSE BULKHEADS 


TABLE 64 


NUMERAL 


320 


29 X -42 
1-8 


30 X -42 


2-7 


32 X-44 
3-5 
33 X -44 
4-3 
35 X -44 


5-2 
39 X +44 
6-6 
43 X -46 
8&1 
47 X-46 
9-5 
52 X +46 
10-8 
56 X-48 
12-1 
60 x -48 
13-5 
63 X-50 
15-7 
67 X +50 
17-7 
70 X +50 


20-0 


73 X +50 
22-5 


3840 


DEPTH AND THICKNESS OF WEB IN INCHES 


360 


380 


FACE AREA IN SQUARE INCHES 


29 x -42 
1-9 
30 X +44 
2-8 
32 x -44 
3:6 
34 X +44 
4e4 
36 X +44 
5:3 
40 X -44 
6-8 
44 X -46 
8-4 
48 X +46 
10-0 
53 x-48 
11-5 
57 X +48 
12-9 
61 X-50 
14:5 
64-50 
16-4 


68 X -50 
19-0 


71-50 
21-0 


— 


30 X -42 
1-9 
31 X-44 
2-8 
33 X-44 
3-7 
35 X -44 
4-5 


41 X-46 
7-0 


45 X -46 
8-7 
49 X -46 
10-5 


54 X +48 
12-2 


58 X -48 
13-7 


75 X-50 


25-5 


36 X +44 
4-6 


38 X -44 


5:5 


42 X -46 


7-2 


46 X -46 
9-0 
50 X +46 
11-0 
55 X +48 
12-8 
59 X +48 
14-5 


73 X-50 
24-0 


76 X +50 


26°5 


2. Long tanks.—lIf the length of tank exceeds 40 feet 
for use on transverse bulkheads is to be 
increased in direct proportion. 


the Numeral 


3. Span is the distance in feet from “Span Point” to 


“Span Point” (see Sketch, following Table 77). 
stringers and horizontal girders on longitudinal bulkheads 
the span is not to be taken as less than 10 feet. 


280 300 
97 X +42 28 X 42 
ig 1-8 
98 X +42 29 X +42 
2.6 2-6 
30 X -42 31 X-42 
3:3 3-4 
81x +42 32 X -44 
4-0 4-2 
33 X-44 34 X -44 
4-7 5-0 
87 X -44 38 xX -44 
5-8 6-3 
41X44 42 X +44 
71 7:7 
45 X +46 46 X +46 
8-2 8-9 
50 X-46 51 X-46 
9-3 10-1 
54X +46 55 X-48 
10-4 11-3 
59 X-48 60 X +48 
11-6 12-5 
62 X-50 63 X +50 
| 13-4 14-5 
65 X-50 66 X-50 
15-2 16-5 
68 X -50 69 X-50 
17-3 18-7 
71X-50 72 X-50 
| 19-4 21-0 
TE 
417 


For side 


400 


32 X +44 
2-0 


33 X -44 
2-9 
35 X -44 
3-8 
87 xX -44 
4:7 
39 xX -44 
5-6 
43 X-46 
7-4 
47 X-46 
9-4 
51 X+-48 
11-4 
56 X-48 
13-4 


60 X-48 
15-3 


NOTES.—TABLE 64 (concluded) 


420 


32 X -44 
2-1 


34 X +44 
2-9 
36 X -44 
3°9 
38 X -44 
4-8 
40 X +46 
D7 
44 X +46 
7-6 
48 X -46 
9-7 
52 x -48 
11-7 
57 X-48 
13-9 
61 X-50 
16-0 
65 X-50 
18-0 
68 X -50 
20-5 
72 X-50 
23-0 
75 X -50 
26-0 
78 X +50 
29-0 


440 


833 x -44 
2-2 
35 X -44 


2-9 


37 X +44 
3-9 


39 X +44 


4-8 


53 X -48 
11-9 


58 X-48 
14-3 
62 x -50 
16-6 
66 X +50 
18-7 
69 X -50 
21-5 
73 X-50 
24-0 
76 X +50 
27-0 
79 X-50 
30-0 


SPAN 


Feet 


30 


32 


4. Depth given in the Table is the depth of the web 
plate. 

5. Side stringers are to have web plates 5 per cent 
thicker than required by the Table. 

6. Minimum thicknesses.—No part of the structure 
within cargo tanks and cofferdams is to be less in thickness 
than required by Table 77. 


7. This Table does not apply to corrugated bulkheads. 
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TABLE 65 


CENTRE LINE DECK GIRDER 


Length of Tank 40 feet 


NUMERAL 


DEPTH 
Inches 


FACE AREA | 
Square inches | 


Fe 
a 
a 
| 
3 


NOTES.—TABLE 65 


1. Numeral is to be calculated as follows :— 
Numeral = -015 b x L (See D 201). 
Where b = Half-breadth of centre tank, in feet. 
L = Length of ship, in feet. 
2. Depth given in the Table is the depth of web 
plate. 
3. Thickness of the web plate is to be the same as the 
thickness of the deck transverses. 


TABLE 66 


4, Correction for length of tank.—If the length of 
tank differs from 40 feet the depth of web is to be modified 
at the rate of 2 inches for every 5 feet of difference. The 
face area is to correspond with the corrected depth. 


5. Minimum thicknesses.—No part of the structure 
within cargo tanks and cofferdams is to be less in thickness 
than required by Table 77. 


CROSS TIES IN WING TANKS 


NUMEBAL 


SECTIONAL AREA 
OF CROSS TIE 


Square inches 


NOTES.—TABLE 66 


1. Numeral is to be calculated as follows :— 
. lssgeatse 
Numeral = — 100 
Where 1 = Vertical spacing of cross ties in feet. 
For the lower cross tie 1 is to be taken as half 


the distance between the next cross tie and 
the base line. 
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For the uppermost cross tie | is to be taken as 
half the distance from the next cross tie to 
the deck at side. 

s = Spacing of transverses, in feet. 

h = Vertical distance in feet from the cross tie 
to the deck at side, amidships. 


2. Minimum thicknesses.—No part of the cross tie is 
to be less in thickness than required by Table 77. 
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BOTTOM & DECK LONGITUDINALS 


Spaced 30 inches apart and having a span of 10 feet 


LENGTH MODULUS OF LONGITUDINALS 
BOTTOM DECK 
Inches* Inches* 
37-3 . 10-8 
38-7 10-9 
40-1 11-0 
41-5 111 
42-8 11-2 NOTES.—TABLE 67 
44-2 11: 1. Span is to be measured from transverse to 
45-6 21-4 transverse or from transverse to the * span point” 
46-9 11:7 (see Sketch following Table 77) of the end connection. 
48-2 11-9 é : 
49-5 12-2 2. Corrections to modulus of longitudinals. 
50°9 12-4 pas ereater 
52-2 12:7 If the span is © sae than 10 feet, modulus 
53:5 13-0 of longitudinals to be M™Creased gt the rate 
= mr : reduced 
ee | aoe 20 per cent oe d 
56-1 13-6 of 45 per cent Pet foot of difference ; the mod- 
57-5 14-0 ulus is not to be less than that required for an 
58-8 14:3 8 feet spacing of transverses. 
60-2 14-7 FOR SPACING OF LONGITUDINALS : 
61-7 15-1 If the spacing of longitudinals differs from 
63-2 15-5 . 80 inches, the modulus is to be modified in direct 
64-7 15-9 proportion. 
66-2 16-3 = eeu 
67-7 16-9 3. For minimum thickness of longitudinals see 

Table 77. 

69-1 17-4 * 
70-6 17-9 4. Particulars of sections and moduli are given 
72:1 18-5 in Table 56. ; 
73-6 19-0 
75-0 19-8 
76°5 20-6 
78-0 21-3 
79-4 22-] 
80-9 22-9 
82-3 24-0 
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| 1 
Sli 
| TABLE 6 8 : Spaced 30 inches t 
| 


25-7 | 27-1 | 285 | 29-9 | 81-2 | 82-4 (33-6 34-7 |85-8 36-9 37-9 § 


| | HEAD-—FEET : 
i Se) es ne a 7h Se a a a 
| psorcting 7 | 8 | 9 | 10 | 11 | 18 | 18 | 14 | 15 |.16 17 | 18,|.18 | 20 | a1.) 22 
| | SS tect 
Hl, }.10-4.| 10-9 | 12-5 | 125 | 18-6 | 147 | 159 (171 | ABBA ode soot spe veh ae 
i 47 | 106 | 11-0 (1b | 12-6 | 136 | 14-8 | 16-0 | 17-1 1188 | 19-4 
i ~ 48 | 108 | ita | 115 (12-6 | 18-7 | 14-9 | 16-1 | 17-2 | 18-4 “1945 20-5 ei eee eee 
| | 49 | aro [ar2 {115 | 126 [18-7 | 15-0 | 162 178 (18:5 | 19-6 | 20-7 ta eo oe ese Bie 
i 20 | 2 {ing | iis | 127 (188 | 15 | 164 | 175 18-7 | 198 | 21-0 | 22-1 [282 | ‘ee | ele a L 
| 21 11:3 and ie 12-7 | 18-8 | 15-2 | 16-5 | 17-6}. 18-8 | 20-0 | 21-2 | 22-3 | 28-5 24-6 
i, ~ ge [ine | 14 | 115 | 12-7 | 13-9 | 15-3 | 16-6 | 17-8 | 19-0 | 20-2 214 22.4 | 28:7 | 248 26-0 nee - 
“1b [tar6. |otde5,o| 12-7 | 18-9 15-4 | 16-7 | 180 “192 20-4 216 22-7 | 28-9 | 25-0 262 27-3 (aa 
| ~ 24 | 1n6 | ire | 116 | 128/140 | 155 | 168 (181 | 194 | 206 | 21-8 | 23-0 | 24-2 | 253 26-5. | 27-6 | 28-6 
| 7 96 [uaz | ai-7 | 117 (129 | 142. 15-6 | 17-0 [183 | 196 | 20-8 221 | 238 | 245 25-6 268 (27-8 288 soe] | 
i 11-9 i M19 | 18-2 | 145 | 15-8 | 17-2 | 186 (19-9 Q1-l | 22-4 | 286 | 24-8 | 25-9 [27-1 | 28-1 29-0 (30.0 30-9 
| | | 120 | 12-0 | 12.0 fas4 147 | 161 | 175 | 188 | 202 | 214 | 22-7 | 28.9 “2b | 262 [97-4 28:3 (29-3 30-2 31-4 
28 122 122 122 | 136 150 16-4 | 17-8 | 19-1 20-5 247 | 23-0 | 24-2 (25-4 | 26-5 277 286 | 206 (205 34 
| | ~eg9 | 124 | 124 | 194 | 139 | 153 | 166 | 180 | 19-4 | 20-7 | 22-0 | 282 (245 | 25-7 | 26-8 28-0 29-0 29-9 30-9 B18 a 
i 12-6 12-6 | 12-6 | 14-0 | 15-5 | 16-9 183 197 | 21.0 | 22-3 | 235 247 | 26-0 | 27-2 283 293 ‘902 B12 324 
| ~g1 | 129 [12-9 [12-9 | 148 | 45-7 | 172 | 185 | 19-9 | 21-2 | 22-5 | 23-8 | 25.0 | 26-2 | 27-4 |28-6 |29-6 | 80-6 |81-6 |325 3 
| B21 (132 | 182 14-6 | 16-0 | 175 | 188 | 20-2 215 | 228 24 | 25-3 | 26-5 | 27-7 28-9 30-0 31-0 32-0 32.9 § 
| 33 | 136 13-6 | 136 | 149 | 16:8 ATT | 19-1 [20-5 | 2b8 | 284 (244 | 25-6 | 26-8 | 280 29.2 30-3 (B13 82-3 383 3 
| 84 0 140140 152 1166 180 | 194 208 | 221 234 247 | 260 | 27-2 | 28-4 (20-5 30.6 B16 32-6 B36 
85 ld ibd | 144 | 15-5 | 16-9 488 | 197 | 214 | 22-4 | 28-7 | 25-0 | 26-8 127-5 | 28-7 (29-8 80-9 (31-9 32.9 339 | 
| | 9 149 40 | 15-9 | 172 | 185 | 20.0 | 21-4) /22-7 | 24-1 | 25-4 | 26-7 | 27-9 | 29-1 30-2 B12 32-3. B83 343 
| g7. | 158 (153 158 | 163 17-9 188-208 | 21-7 | 28.0 | 24-4 | 25-7 | 27.0 | 282 | 29-4 30-5 BEG 326 38-7 347 | 
3 88 | 158 | 158 | 15:8 | 16-7 | 17-8 | 191 | 206 | 22.0 | 28-3 | 24-7 | 26.0 | 27-8 | 286 29-8 30-9 32-0 |38-0 34-1 35-1 § 
f 16-2 | 16-2 | 16-2 | 17-1 | 181 | 19-4 | 20-9 | 228 28-6 25-0 | 26-3 | 27-7 | 29-0 | 30-2 BL3 B24 (B84 [84.5 35:5 3 
|! 40 | 16-7 | 16-7 | 16-7 | 17-5 | 18-4 | 19-7 | 212 | 226/240 | 25-4 | 26-7 | 2841 | 29-4 | 80-6 81-7 82-8 |BB9 34-9 35.9 3 
i} aa | 17:2 | 17-2 | 17-2 “179 | 18-8 "200 215-280 Bhd 25 27-1 | 28-5 (29-8 B10 241 [982 [848 [854 | 36d | 
| )17-7 | 17-7 | 17-7 | 188 | 19-2 | 20-4 | 21-9 | 28-4 | 24-9 | 26:3 | 27-6 | 28-9 | 80-2 | 31-4 | 325 38-7 |BL8 35-9 38 | 
i ‘ig2 | 182 | 182 | 187 | 195 | 20-7 22-3 | 23-8 | 25-8 26-7 [28.0 | 29-4 | 80-7 81-9 33-0 B42 35-3 36-4 B74! 


| 19-2 19-2 19-2 | 19-5 | 20-1 | 21-5 | 23-1-| 24-6 | 26-1 | 27-6 | 29-0 | 80-4 | 81-7 | 33-0 | 34-2 35-3 | 36-3 | 87-4 38-4 | 


19-7 19-7 19-7 | 19-9 | 20-5 | 21-9 | 23-5 | 25-0 | 26-5 | 98.0 | 29-5 | 30-9 | 82-2 | 88-5 | 34-8 | 35-8 | 36-8 | 37-8 | 38-8} 


| | NOTES.—TABLE 68 

1) 1. Span is to be measured from transverse to transverse or from transverse to * span point” (see Sketch following Table 77) of the end connection. 
| 2. Head is the vertical distance from the longitudinal to the deck at side, amidships. 

mt 8. Corrections to modulus of longitudinals. 


greater rere increased 
aj than 10 feet, modulus of longitudinals to be relic the rate of 


the modulus is not to be less than that required for an 8 feet spacing of transverses. 
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20 per cent 


For span : If the span i 15 per cent 


per foot of difference ; 


oNGITUDINALS 
i having a span of 10 feet TABLE 68 


HEAD-—FEET 


ge )27| 28 | 20 | so/| 81 | s2/ 83 | 84/| 35 | 86 | 37 | 38 | 380 | 40 | 41 | 42 | 48 | 44 | 


SS SS OE ee ——— ee ee Modulus—Inches® SS SS) ae ee PLES a b 


ee ee ee ee ee ee eee ee ee eee ee ee eee 


EEE ee a eS ee ee ee oe 


—— 


e ES SEES EE eee ————E ee 


EE ee ee ee a ee Ee 


38-2 
336 34-6 


B45 | 85-5 | 386-5 37:5 | 
34-9 | 85-9 | 86-9 | 37-9 | 38-9 


36 | 36-6 37-5 38-4 | 39-3 | 40-2 

359 86-9 | 37-9 38-8) 39-6 | 40-5 

36:3 | 37-3 | 88:3 | 39-1 40-0 40-8 

36-7 | 87-7 | 88-6 | 39-5 | 4o4| 412| 421/430 | 438| 4e6[ | 

37-1 | 38-1 | 39-0 | 39-9 408 | 416) 425 | ag4| 449] a5a| a9] 

73 | s85| 804 | 403| 412 | a2a| 429 ase| ae| 455| ae8| aval) 
379 38-9 | 89-9 | 40-8 416 | 42-5 | 438 | 44.2 | 45.0 | 45-9 | 46-7. 

4 394 403 412) 420 429 47 446 44 468 | ATL 


——— 


38-9 | 39-9 | 40-8 | 41-7 | 42-5 | 43-4 


FOR SPACING OF LONGITUDINALS : 
If the spacing of longitudinals differs from 30 inches the modulus is to be modified in direct proportion. 
4. For minimum thickness of longitudinals see Table 77. 
9. Particulars of sections and moduli are given in Table 56. 
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TRANSVERSE SIDE FRAM 


TABLE 69 Sa 


cael | NUMBER aac a sel nti Lae anor eer ee eee ates ee 
D | PACING PFRINGERS) yuitms prctatine) 7 | B | @ | 10 | 11 | 12 | 18 | 14 | 16 | 16| 17 | 18 | 19 | 20 
Re Gade | eS ee 
Tl a 6 88 | 98 [106 [119 | 182 | 146 | 159 | | | ae 
a7 | 25y joa 6 Bt | 94 107 120 184 | 14-7 | 160 | 17-4 | ea Rae , 
a4 | 1 | 6 | 65 | 95 | 108 | 194 | 185 | 149 | 162 | 17-6 | 189 Yon ot | ton 
253 (a 6 86 | 95 |109 | 122 | 186 (15-0 | 163 liz7 [19a [204 lore} | | | 4 

| 26 ye ee ray [oe 110 re |is7 [isa [ies [i79 [192 20-6 22.0 28-4 | 24.7 
| 26} 1 6 | 87 | 97 fart | 126 [139 [158 | 167 | 1ea | 194 90.8 | 22-2| 93-6| 95.0| 96-41 | 
| 77 a ee 8-9 | 9-9 | 11-8 | 19-7 | 142 | 15-6 | 17.0 “184 19-8 | 21-2 | 22-7 21) 255) 26-9) 289 
| 5 ae a 9-0 | 10-0 | 11-4 | 12-9 | 14-8 | 15-7 | 17-2 ris6 | 20-0 | 21-4 | 22-9| 24-3| 25-7| 97-1| 28.61: 
27} | a 9.0-| 10-1 | 115 “18-0 | 144 | 15-9 17-3 | 188 | 202 | 216 | 231 24.5 | 96-0| 27-4| 28.9) 


| 27 2 HEPee 9-1 10-2 11-6 | 181 | 145 | 16-0 17-5 | 18-9 | 20-4 | 21-8 | 23-3] 24-7) 26-2| 27-6 6) 29-1); | 


275 | 2 bears | 9-2 | 10-8 | 11-7 | 13-2 | 14-7 | 16-2 | 17-6 | 19-1 | 20-6 | 29.0 | 28-5| 25-0| 26-4) 27-9| 29-4) 


me el ee ee, | = = Z 
28 | 2 | 8 | 98 | 104 | 128 (18:3 | 148 Te 117-8 | 19-8 | 20-7 | 22-2 | 23-7| 25-2| 26-7| 28-2| 29-6) 
28} 2 Bist 94 | 10-5 | 12-0 | 18-5 15.0 16-5 | 180 Lees | 20°9 | 22-4 289/24 26.9 284/298 

| | | | 
SORE AR: 95 102 108 | U7 | 181 | 1d | 15-7 | 17-0 183 | 1946 | 209 222 285 24-8 26 | 

| 993 | 2 ITS | 96 | 10-3 | 10-9 | 11-8 | 13-2 “149 (15-8 17-1 | 18-4 | 19-8 | QL, 22-4) 23-7 25-0) 26-3 
29 | 2 | a | 99 | 10-4 | 11-0 | 11-9 183 Ta46 | 15-9 | 17-2 | 186 19-9 91.9] 2 2-5 | 2849 25-2 266 

[993 | 2 Mass: 9-7 | 10-4 | 11-1 “12-0 “13-4 [14-7 | 164 | 17-4 | 18-7 “204 | 21-4) 22-7) 241 EZ 268 
29h 2 2 | 98 10-5 | 112 | 121 (185 14-9 | 162 175 "18-9 | 202 | 21-6) 230) 24-3) 25.6) 97.0 : 
ot | 2 | 9 | 99 | 106 113 | 128 | 186 150164 177 “191 | 204 | 218) 232) 245) 25-9) 278 

| 80 8 a 9 [100 | 10-7 | 11-4 | 121 | 180 | 148 | 156 | 169 | 182 | 195 | 20-8] 22.1) 23-4/ 24-7] 260) 

| 80h 3 oe 10-1 108 15 122 1B 16 1TO 18-3 19-6 21-0 29.3, 23-6 24-9 "262 

2 Ga LEE SEA UES UE BENE: 

303 | 8 Bl 10 (103 [110 | 117 | 125 | 188 | 146 | 160 | 178 [186 | 200 | 213 "22-6 | 24.0| 25-3) 266 | 
31 8 aT aoe | 10:3 | 11-1 118 126 | 13-4 | 14-8 | 16-1 | 17-4 | 18-8 | 20-1 | 215 92-8 | 24-2 205) 268 

raz | sik | 8s || 10 | 105 | 118 | 120 | 128 |186 | 150 | 164 | 177 | 191 | 205 | 21-8) 23.2| 24-5) 25.9| 27815 

Set? gs © | bia | ‘toe [118 121 129 [187 | 154 | 165 | 179 | 192 | 206 | 220 254) 247| 261) 274) 

32 | 3 .| a | 207 | a4 | 122 | 130 | 188 | 15-2 | 166 | 180 | 19-4 | 207 | 22.9] 23.5) 24.9| 26-8] 27-718 


NOTES.—TABLE 69 
1. Span is to be measured from stringer to stringer or from stringer to “span point” (see Sketch, following Table 77) of top or botto® 
2. Head is the vertical distance from the mid- -point of the span to the deck at side, at mid- length of tank. 
3. Corrections to modulus of frames. 


increased by 25 per cent 
than 10 feet, modulus of frames to be reduced by 15 per cent 


FoR SPACING OF FRAMES: If the spacing differs from that given in the Table, modulus of frames to be modified in direct proportion. 
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per foot of difference. 


For span: If the span is ete 


IN CARGO TANKS 


lg TABLE 69 


HEAD-—FfEEtT 
99 | 23 | 24 | 25 26 | 27 | 28 29 30. 31 32 33 


— —— en OS i anaes a ee ns ee Modulus—Inches* =§ — —— ———- ———. —___ —__ 


NOTES.—TABLE 69 (concluded) 
is 30 feet or more the modulus given in the Table is that required if side transverses are fitted in conjunction with the 
bottom and deck transverses ; if these are not fitted the modulus given in the Table is to be increased by 15 per cent. See also D 4105. 


5. For values of D between 29 and 30 feet and between 35 and 36 feet the Table modulus is to be extrapolated from the group appropriate 
to the arrangement of stringers and webs. 


6. For minimum thickness of frames see Table 77. 
7. Particulars of sections and moduli are given in Table 56. 


4. When D 
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SHELL AND STRENG] 


| TABLE ZO 


i 
: | THICKNESS OF 
SHELL PLATING FOR ‘5L AMIDSHIPS 
| | SPACING ae aa ee held i a 
| BASIC BASIC | BASIC poe SPACING | ini | _— 
| TENGTH | BREADTH | DEPTH | DRAUGHT) Pate Nati | oe ea Ra 4: ated Aa Sl as 
| By D, di, SIDE ka ween. WITH FOR TABLES WITH | WITE 
. | | FRAMING SPACING 
i) FRAMING WIDTH THICKNESS LONGITUDINAL OF TRANSVERSE LONGITUDY 
{ | FRAMING | LONGITUDINAL | FRAMING FRAMING 
FRAMES 
1 aoe Ga See at le a 6 ; nn 9 10 rr | 12 
Feet | Feet | Feet Feet | Inches Inches Inches | Tnches Inches Inches Inches | Inches 
240 | 40 | 190 | 144 | O44 | 97 Ps ie mS fo” a 
260 | 41 | 19-75 | 15.0 “| eat [7k | a8 66 | 46 | +46 | 48 42 
B60. |.-.43°—|—90-5—-|—15-6-—|-— 6-4] 8 ee ee ee een Gee Cees eee ee ee 
270 | 48 | 21-95 | 16.2 | 25+ | 278 44 69 48 | 48° | -45 | 
280 | 44 22-0 | 168 ar Ee ell at ol, te ea 50 46 clee  l 
LOO. 45 | —99-75-4 —tra—|-— 0h | — 98) —— | a boi th i 
300 46 23-5 | 180 | 26 28h rb ee 52 "+52 a ae 
310 47 24-25 18-6 26+ 28% 46 75 53 58 49 48 
“820 | 48 | 250 | 19-2 26h =| 29 =e 76 D4 54 50 49 
| 880 | 49 25-75 | 19-8 263 | 29t 47 78 Bd Bb 51 50 
340 50 26-5 | 20-4 OT inkl! sees 48 To 4 | 56 56 52 | 51 
850 | 51 27-25 | 21-0 LL an a C2 Sa a ae Rene 58 67] 58 52 
360 | 52 28-0 21-6 274 30 | 49 | -82 60 58 | | 53 
870 | 53 | 2875 | 222 274 ee a” 62 59 55 4 
380 54 | «(29-5 22-8 28 |___ 804 a ae on 63 60 6 Bb 
390 5D 80-25 | 23-4 2st 304 50 -88 64 61 57 56 
400 | 56 | 81-0 | 240 | 98% BY jase) yacht 89 66 62 | 58 57 
410 | 57 | 381-75 | 24-6 283 31} 51 91 “68 63 59 58 
420 | 58 | 825 | 25-2 |" 99 314 2 | +98 69 64 60 59 
430 59 33-25 | 25-8 29} 314 52 “94 70 65 61 60) 
440 60 340° | 264 | 99, | 82 53 «96 72 66 62 61 
450 | 61 | 84-75 | 270 | 998 32 53 97 74 68 63 62 
460 62 35-5 | 27-6 | 30 324 D4 98 76 69 64° | 63 
470 | 638 36-25 | 282 | 30} > PAL eer we ees: “1 L. 2th oh, 
480 64 ee 7 7 A YR WR, HE 5" 80. | 73 66 65 
490 = 6 37:75 | 29-4 304 33} 5B! A). Saks “82 | ‘75 67 66 
500 66 385 | 30-0 | 31 334 56 1-04 84 77 69 67 
510 67 39-25 | 30-6 314 eee a | 57 1-06 -86 79 70 -68 
520 68 40-0 31-2 314 ye 57 "1-07 “88 81 71 69 
530 69 40-75 | 318 313 34 58 A ae 83 72 70 
540 70 41-5 | 32-1 32 34. | SB 1-11 92 85 74 71 
550 72 42-25 | 32-4 32] 34 59 1-12 ey 87 75 72 
560 7 43-0 | 32-7 32h 34 60 113. 97 89 76 7 
570 76 43-75 | 33-0 324 34 60 1-14 1-00 91 77 7 
580 78 44-5 | 33:3 33 34 61 1-15 1-03 93 78 i 
590 80 45-25 | 33-6 334 34. 61 1-16 1-06 95 79 76 
600 | 82 46-0 33-9 834 34 62 1-17 1-08 97 80 TT 
610 3 46-75 34-2 33% 34 63 ae a ee 1-11 “99 81 -78 
620 84 47-5 | 845 34 34 638 | 1:20 1-14 1-01 82 78 


For notes see page 214 
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TaBLE ZO 


DECK PLATING 


STRENGTH DECK FOR ‘5L AMIDSHIPS 
BASIC AREA OF 


THICKNESS 


TRICKNESS WIDTH OF WIDTH OF CORRECTION PER 1 FOOT DIFFERENCE THICKNESS LONGITUDINALS PER 
oF SHEER- oF FLANGES BETWEEN :— OF FOOT OF BREADTH B 
BOTTOM STRAKE AND SHEER- OF j STRENGTH LENGTH 
Mine PLATE STRAKEFOR “ yxgig | SPUDONAt MENDON FOR QSL L 
POR “OSL FOR ‘SL “SL FOR ‘SL Band By | D and Dy d and dy ae 
yRoM ENDS AMIDSHIPS AMIDSHIPS AMIDSHIPS | ENDS BOTTOM  §$ DECK 
| 
a 4 15 | 16 17 dante nies. 19 ee aa 2 | 38 | @ | % 
Inches Inches Inches Inches | Sq.inches | Per cent Per cent Per cent Inches Inches | Sq. inches Sq. inches Feet 
37 52 58 | 6 4g | 37 | 18-0 6-3 “34 29 | 1-80 | 90 
7 52 59 6 Bai; = 86 =| (17-0 6-2 “84 29 | 1:85 | -90 
38 58 61 6 60. | 386 | 160 | 62 | -84 | -29 | 190 | -90 
3 | «58 62 6 66 3-5 15-0 61 | -35 | -29 | 1-95 | -95 
39 b4 “64 6 pe 34 | 140 6-1 35 | -80 | 200 | -95 | 
39 D4 65 6 79 | 388 13-0 6-0 35 | 80 | 205 | 1-00 | 
40 55 67 6 86. |2 . &8 12-0 6-0 36 30 | 2-10 1-00 | 
40 55 68 6 98 32 11-0 59 36 30 | 2-10 1-00 
41 56 70 6 101 32 10-0 5-9 37 31 | 2-10 | 1-05 
41 56 71 6 110 81 | 95 5-8 37 81 | 215 | 1-05 
12 57 73 6 119 30. | «9-0 5-8 88. | 31 | 220 | 1-10 
2 | 957 74 6 | 199 29 | 8S 5-7 39 81_| 225 | 1-10 
43 58 76 6 | 189 29 | 8&0 5-7 40 | -82 | 280 | 1-15 | 
43 58 77 6 | 149 2-8 7-6 56 “41 32. | 235 | bib | 
“4 39 79 6 159 a8 | 74 | 56. 42 a2 | 240 | 1-20 | 
44 59 80 6 168 2-7 7-2 5-5 43 32 | 2-45 1-20 
45 60 82 6 178 26 7-0 5:5 44 88 | 2-50 | 1-20 
La 
15 60 83 ee 2-6 6-8 5-4 aT 33 | 255 1-25 
46 61 85 6 | 200 2-5 6-6 5-4 46 | +83 | 2-60 1:25 
46 61 86 6 211 24 6-4 5-3 are) ae ieee Teo” | 
7 62 88 6 222 2-4 6-2 5-8 48 | 84 | 270 | 1-80 | 
47 62 90 7 |. aioe 23 | 60 5:2 49 34 | 2-75 1:30 |_ 
48 63 92 Zils 16 ieee 22 | 59 5-1 450 ay 2:80 | 1:35 | 
18 63 93 7 261 2.2 5:8 5-0 52 34 | 285 | 1-35 | 
49 64 95 7 275 2-1 57 49 | 4 34 | 2.90 | 1-85 
49 64 96 ; 290 2-1 5-6 4-8 55 | «| 84 «| «(800 1-40 
“50 65 98 7 306 2-0 5-5 47 56 35 | 810 | 1-40 
‘50 65 99 PGi ul & (BHD 19 «| | Sd 46 58 “35 3-15 1-40 
50 66 1-01 i ee ae Cee ee 45 60 35 | 3-20 | 1-45 | 
il 66 1-02 7 354 1-8 5-2 4-4 61 | -85 | 3-25 145 | 
51 67 1-04 5 370 _ 18 | 51 4-8 62 “35 3-30 1-45 
2 67 1-06 7 393 1-7 50 | 42 64 35 | 3:35 | 1-50 
12 68 1-08 8 417 1-7 4:8 41 66 36 | 340 | 1-50 
2 68 1-11 8 441 17 | 46 3-9 -67 36 | 3-45 1-50 
53 69 1-14 8 465 1-6 45 | 8&7 68 36 3-50 1-55 
18 69 1-16 8 490 1-6 4-4 3-6 69 36 | 3-55 1-55 
wee |. 70 1-18 8 514 1-6 4-2 3-5 70 36 | 3-60 1-60 
“O4 71 1-21 8 534 1-6 4:1 3-4 71 +36 365 1-60 
72 MED ih: 1 | | $70 _ r 


For notes see page 214 
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TaBLE ZO 


(CONCLUDED) 


SHELL AND STRENGTH DECK PLATING 
NOTES.—TABLE 70 


1. Keel.—The width and thickness of the keel plate 
(cols. 7 & 8) are to be maintained throughout ; the thick- 
ness is not to be reduced if the width is greater than 
required. 


2. Bottom plating (from keel to upper turn of bilge). 


(a) The Table thickness (col. 9) is to be corrected, if 
necessary, as follows :— 


For DEPTH. 
+. greater . reduced 
If D is ia than Dy), thickness to be S cenand 
by 0:7 per cent per foot of difference. 


FoR DRAUGHT. 


If dis prea than dp, the thickness, after correction 


increased 


for depth where necessary, is to be eedaaadl 


by 1:5 per 
cent per foot of difference. 


(b) If the seams are riveted the thickness corrected as 
above may be reduced by 6 per cent. 


(c) If the area of the bottom longitudinals per foot of 
breadth B is ed than the basic area in col. 23 (and see 
: “ -reduced 
pies 9) the thickness is to be i arenasd te the rate of 
‘01 inch for every °15 square inch of difference in area per 
foot of bottom longitudinals. 

_ (@) If the spacing of longitudinals differs from that 
given in col. 6 the corrected thickness of plating is to be 
modified at the rate of 01 inch for every inch of difference. 

(e) The minimum thickness amidships (col. 10) is to be 
corrected for spacing of longitudinals only. 


8. Side plating (from upper turn of bilge to lower 
edge of sheerstrake). 

The Table thickness (cols.+11 or 12) is to be corrected, 
if necessary, as required for bottom plating by note 2(a). 

If the spacing of transverse or longitudinal framing 
differs from that given in col. 5 or 6, the corrected thick- 
ness is to be modified at the rate of -01 inch per inch of 
difference. 

Notes 2(b) and (c) do not apply to side plating. 


4. Shell plating at ends.—The thickness of side 
and bottom plating is to taper gradually from the midship 
thickness (cols. 9 to 12) to the end thickness (col. 13), 
except as qualified by D 4706. 

The thickness in col. 13 is not subject to corrections 
for depth and draught. 


5. Sheerstrake.—(a) The Table thickness (col. 15) is 
to be corrected if necessary, as follows :-— 


For DEPTH. 


; ter ‘educed 
If D is SCOT th . s ae 
less Van D,, thickness to be faceeaakl 


by 4 per cent per foot of difference. 
FoR DRAUGHT. 

- greater : . 

If dis ® psi than dy), the thickness, after correction 

increased 


for depth where necessary, is to be 
r reduced 


by 4 per cent 
per foot of difference. 


(b) The thickness of the sheerstrake is not to be 
corrected for frame spacing. At the ends the thickness is 
to be the same as that of the side plating. 


6. Stringer angle—The width of flanges of the 
stringer angle is given in col. 16. The thickness is to be 
that of the stringer plate or sheerstrake whichever is less. 
See also D 4403. 

7. Stringer plate—The width for -5L amidships is 
given in col. 14, and for -05L at ends is not to be less than 
60 per cent of that width. 

The thickness is not to be less than 85 per cent of the 
sheerstrake, corrected as required by note 5, and not less 
than -04 greater than that given in col. 21. 

8. Strength deck plating.—(a) The area given in 
col. 17 is the sectional area of deck plating including 
stringer plate and stringer angle on one side of the ship 
abreast openings. If riveted overlapped seams are fitted 
they may be included in determining the required deck 
thickness. 

(b) The Table area is to be corrected, if necessary as 
follows :— 

FoR BREADTH. 

If B is eae than B,, area to be pi bert by the 
given percentage (col. 18) per foot of difference. 

FoR DEPTH. 

If D is aoa than Dy, area, after correction for breadth 

reduced 

increased 

(col. 19) per foot of difference. 
FoR DRAUGHT. 


where necessary, to be by the given percentage 


If d is res than dj, area, after correction for depth 


increased 
reduced 
percentage (col. 20) per foot of difference. 


(c) If the area of deck longitudinals abreast openings 


per foot of breadth B is se 9 than the basic area in 


and breadth when necessary, to be by the given 


col. 24 (and see note 9) the thickness of the stringer 
reduced ot the rate of -01 inch 
increased 
for every ‘15 square inch of difference in area. 


If after the above correction the thickness of the stringer 
plate requires to be increased to comply with note 7 the 
total area of deck plating and stringer is to be maintained. 

(d) If the spacing of longitudinals differs from that 
given in col. 6 the minimum thickness of deck plating for 
‘SL amidships (col. 21) is to be modified at the rate of -01 
inch for every 2 inches of difference. 


(e) The thickness of deck plating is to taper gradually 
from the midship thickness to the end thickness (col. 22), 
except as qualified by D 4504 and D 4505. 


9. Area of longitudinals.—The basic area of bottom 
and deck longitudinals (cols. 23 and 24) is the sectional 
area of longitudinals per foot of breadth B for a 10 ft. span 
of longitudinals. The total area of bottom longitudinals is 
to include those at the bilge and longitudinal bulkheads up 
to ‘1D from the base line. The total area of deck longitu- 
dinals is to include those at ship’s side and at longitudinal 
bulkheads down to -1D from the deck line at side. 


‘ i - greater % 
If the span of longitudinals is Fie than 10 feet the 


and deck plating is to be 


increased by 10 per cent 
reduced by 5 per cent 
of difference. The reduction should not exceed 10 per cent. 


basic area is to be for every foot 


TABLE 71 


BULKHEAD PLATING 


SPACING OF TOP BOTTOM DEPTH 
LENGTH HORIZONTAL STRAKE OF STRAKE OF eh 
He OR VERTICAL LONGITUDINAL LONGITUDINAL Not a 
STIFFENERS BULKHEAD BULKHEAD 18 22 26 30 34 38 42 46 
Feet Inches Inches Inches ens Se a OI a a cee > 
240 27 +34 +38 “34 
260 27 | *B4 “38 “34 
280 27 “34 “39 “34 
300 28 36 -40 36 38 7} 
320 28 +38 41 38 38 
340 29 “38 42 38 39 
360 29 39 “44 39 “40 42 
380 30 42 “46 “40 “41 43 
400 30 +43 “48 “41 42 +43 |} 45 
420 30 43 50 41 42 43 45 
440 30 44 “1 42 42 43 45 47 
460 30 45 52 42 42 44 46 48 50 
480 30 46 53 42 42 44 46 48 50 
500 30 47 54 42 42 44 | 46 48 50 52 
520 30 48 55 42 42 44 46 48 50 | 52 | 
540 30 49 56 +42 42 dd 46 48 50 | 52 | rr fl 
560 30 50 57 43 +43 44 46 48 50 52 . 54 
580 30 51 58 43 -43 44 46 48 | 30 52 ; 54 
600 30 “52 58 44 “44 “4 -46 48 | bo | -52 | 54 
620 30 53 “59 “44 +44 “44 “46 +48 +50 52 | bd ; 


NOTES.—TABLE 71 


1. Depth is to be measured from the highest point of the tank, excluding the hatchway, to the lower edge of the plate, 
whether the plating is arranged in vertical or horizontal strakes. 


2. Correction for spacing of stiffeners.—If the spacing of stiffeners differs from the Table spacing, the thickness of 
the plating, including top and bottom strakes, is to be modified at the rate of 2 per cent for every inch of difference. 


3. The width of the top and bottom strakes is not to be less than °15 D. 
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TaBLE 72 


MODULUS OF 


STIFFENER 


Inches? 
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MODULUS OF 


STIFFENER 


Inches* 


29-8 


BULKHEAD STIFFENERS 


Spaced 30 inches apart and having a span of 10 feet 


NOTES.—TABLE 72 


1. Span is to be measured from web to web or girder 
to girder or from web or girder to the “span point” 
(see Sketch, following Table 77) on the end connection. 


2. Head is the vertical distance from the centre of the 
span to the highest point of the tank, excluding the hatch- 
way. 


3. Corrections to modulus of stiffeners. 


For SPAN: 


If the span is Sd than 10 feet, modulus to be 


increased 25 per cent 
decreased ® 18 per cent pe 
FOR SPACING OF STIFFENERS : 
If the spacing of stiffeners differs from 80 inches the 
modulus is to be modified in direct proportion. 


t the rate of r foot of difference. 


4, The modulus of horizontal stiffeners on longitudinal 
bulkheads is not to be less than 90 per cent of the modulus 
of the uppermost side longitudinal. 


5. The modulus of longitudinal bulkhead vertical 
stiffeners may be reduced, after correction as required by 
note 8, by 10 per cent if vertical webs are fitted. 


6. For minimum thickness of stiffeners see Table 77. 


7. Particulars of sections and moduli are given in 
Table 56. 


TABLE J3 


FLOORS AT FORE END 


FLOOR PLATE 


spree FACE 
D DEPTH THICKNEss “AREA 
Feet Inches Inches | Sq. inches 
16 20 31 0-6 
18 22 33 0-8 
20 25 34 1-0 
22 28 +36 1:2 
24 30 -37 Let 
26 33 +39 1:6 
28 36 “40 18 
30 38 “41 2.0 


ans FLOOR PLATE a 
D DEPTH THICKNEss, ABA 
Feet | Inches | Inches | Sq. inches 
32 40 “42 2-2 
384 43 +43 : 2-4 

36 46 “44 2-6 " 
as | 48 | 45° |! 28 
40 50 “47 k 3-0. 
a2 | 52 | 48 | 32 
44 | 4 | 49 | Be 

* 46 56 51 3-6 . 


NOTES.—TABLE 73 
1. Depth given in the Table is the depth of the floor 


plate at the centre line. 


2. Correction for spacing. 


If the spacing of floors 


differs from 27 inches or the spacing required for trans- 
verse frames in Table 12, whichever is less, the thickness 
is to be modified at the rate of ‘01 inch for every two 
inches of difference. 


BOTTOM PLATING FORWARD 


TABLE 7/4 


THICKNESS 
(with welded seams, 


LENGTH lonzitudinals & floor.) | REDUCTION IN THICKNESS 
L -| IF SEAMS, LONGITUDINALS & 
Acvongh | ear trae FLOORS RIVETED 
framing framing 
Feet Inches Inches Inches 
. mA > 
250 Patt) 50 ' 
300 “D5 “D4. 
7 ‘| LENGTH NOT | 
350 “61 09 EXCEEDING > 0-04 
500 feet. 
400 68 65 
450 75 71 
F J 
500 81 76 LENGTH ABOVE 
a 500 feet & NOT % 0,09 
EXCEEDING z 
550 87 +82 550 feet. J 
: LENGTH : 
600 “94 *88 | «EXCEEDING "4 nil 
AND ABOVE. | 550 feet. J 


rr cr ee ne ee ee | 


NOTES.—TABLE 74 
1. The thickness of bottom plating forward is not to 
be less at any point than would be required for the 
normal taper from midship to end thickness by Table 70. 
See also 1) 4706. 


2. Correction for spacing. If the spacing of floors 
differs from 27 inches or that given in col. 5 of Table 70, 
whichever is less, or the spacing of longitudinals differs 
from that given in col. 6, Table 70, the thickness of the 
plating is to be modified at the rate of -01 inch per inch 
of difference. 
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WEB FRAMES AND SIDE STRINGERS AT FORE END 


Web frames spaced 9ft. apart supporting one side stringer 


h- FEET 


16 


| 


FACE AREA IN SQUARE INCHES 


en 


5 


6 | rd 


DEPTH AND THICKNESS OF WEB PLATE IN INCHES 
15 X +36 15x 


I6X*86 |" "17x 
17X86 | 18x- 
17 X +38 19x: 
18 X +38 20 x: 
19 X+38 21x: 
22 x- 

28. xX 
22x+40 | 23x 
23x-40 | 24Xx- 
24X-40 | 25x. 
24-40 | 26X- 
25X42 | 27x: 
25X-42 27x. 
26 X +42 28 x: 
27X44 | 29x. 


20 X-38 


+36 16 X-38 
“36 17X-38 | 18x: 


19 X +38 19 X°5 20 X +40 

20 X +88 20X- 21 X-40 

21-40 22x. 23 x -40 

22X+40 23> 24 x -42 

23 X +40 24X+42 25 x +42 

24x-40 | 25x: 27 x +42 

25 X +42 26 x: 28 X +42 

26x-42 | 27x. 29 X44 

(27 X42 29 x: 30X-44 | 
28X-42 | 30x: 31Xx-44 | . | 
29 X44 81X- 32 X-46 
30 X44 32 X- 33 X46 
30 X44 32 X- 34 X46 
31 X-46 33 X- 35 X-48 


qe | 
bo 


| 


—_ —_ 
to bk be 


Ee ee eS 
AAD > > 


NOTES.—TABLE 75 


1. Depth of web frames and stringers given in the 
Table is the depth of the web plate. 


Thickness of plates of web frames or stringers is to be 
the thickness indicated in the Table for the depth of web 
corrected as below at the appropriate depth D. 


2. (a)—h in deep tanks is to be measured at the mid- 
length of the tank from the top of floors to the tank top 
at side. 


In tanks of unusual re h may be measured to a 
suitable side stringer (see 4710 to D 4712) provided 
the strength of this stringer, and of the supporting webs, is 
adequately increased. 


(b) h above the deep tank is to be measured at the 
mid-length of the hold from the tank top to the lowest 
deck at side. : 


3. Web frames in deep tanks.—The following 
corrections are to be made if necessary to the Table depth : 


FoR SPACING OF WEB FRAMES. 


If the spacing of web frames differs from 9 feet, the 
depth of web is to be modified at the rate of 7 per cent for 
every foot of difference. 


FOR NUMBER OF STRINGERS. 

If two stringers are supported, the depth, after correc- 
tion for spacing if necessary, is to be increased by 124 per 
cent ; if three stringers are supported, the depth is to be 
increased by 20 per cent. 
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4. Side stringers in deep tanks.—The following 
corrections are to be made if necessary to the Table depth : 


FoR SPACING OF WEB FRAMES. 
If the spacing of web frames differs from 9 feet, the 


depth of stringers is to be modified at the rate of 15 per 
cent per foot of difference. 


FoR NUMBER OF STRINGERS. 


The Table depth, after correction for spacing if 
necessary, may be reduced as follows :— 
If one stringer is fitted, 15 per cent 
» two stringers are ,, 30 per cent 
» three ,, » 40 per cent 
The edge of stringer plates is to be stiffened by a 34 
inch flange, or equivalent. 


5. Web frames in the hold above deep tanks.— 
The depth of web frames in the hold is to be 80 per cent of 
the depth obtained from the Table after the following 
corrections have been made : 

For SPACING OF WEB FRAMES. 


Depth to be modified if necessary as required by Note 3. 


FoR NUMBER OF STRINGERS, OR FOR ’T'WEEN DECKS. 


If more than one stringer is supported, the depth, after 
correction for spacing if necessary, is to be increased by 124 per 
cent; if there is a "tween deck (excluding forecastle) above 
the hold the depth is to be increased by 20 per cent. 


The face area may be 80 per cent of the Table area. 


6. Side stringers in hold above deep tanks.—The 
depth of stringers is to be 75 per cent of the corrected depth 
of web frames carrying one stringer. The edge of stringer 
plates is to be flanged or otherwise suitably stiffened. 


26 X- 
27 x: 
29x. 
30 X- 


31x: 
ans 


TABLE JOA 


WELDING AND RIVETING 
A 


TYPES OF WELDING 


SIZE {ORV FIEEED WEEDS 


LEG LENGTH 


PLATING THICKNESS 


Type 4 Type 2 Type 3 
20 22 18 "18 
30 | + at UR 18 
40 30 are ie 18 
50 34 28 92 
60 = 88 ; 32 26 


NOTES.—TABLE 76 A 


1. Size of fillet is the minimum length of leg. The throat thickness of the weld is to be 70 per cent of the leg length. 


2. Leg length is to be governed by the thickness of the abutting plate or web. Where the difference between the 
thickness of the parts to be joined is considerable the size of the fillet will be specially considered. 


3. Leg lengths for intermediate thicknesses to be obtained by direct interpolation. 
4. Minimum leg length of fillet weld to be ‘18 inch. 


INTERMITTENT FILLET WELDS 


STAGGERED INTERMITTENT (S) ee d Ser 
(Type 1) H 


(To be doubled at ends—See D 3114) | | | 


' 3 4 
CHAIN INTERMITTENT (C) ——— = =a 


(Type 1) 


SCALLOPED FRAMES, LONGITUDINALS, 
STIFFENERS, ete. WITH DOUBLE FILLET 
WELDS. 

Type as per Table 76 H 


Welding to be carried round the ends of all lugs ate 


See also D 4913 than 1 inch. 
Depth of scallop not greater Length of end lug not 
than ‘25D or 3 inches whichever less than depth of 
is less. scallop plus 3 inches. 
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WELDING AND RIVETING 


B 
RIVETING OF END LAPS AND SEAMS OF SHELL PLATING 


THICKNESS END LAPS AND BUTT STRAPS 


; ' | | 
| | Breadth | Spacing | | Spacing 
oc jt | Of rivets | of rivets, 
svete | | | centre to Breadth | centre to- 
~ | End lap Butt strap centre centre 


Not | Diameter 


exceeding 
| | 


Inches Inches Inches | Inches Inches | Inches Inches Inches 


; Treble 

50. | 60° [7 3 Treble 

“60 7: | Quadruple | 2 | eee | 3% See note 8 
Sheerstrake for -51, amidships 72 Quadruple i 

684 Quintuple 

“94 


pet | et et 


Quintuple 


Quintuple 


ankle 
| 
| 


Treble ‘ | : Double 
"Treble 79 4 3} Double 
~~ Quadruple | iz 22 35 Double 
Quadruple Pasar | 25" ; las Double 
Quintuple ; | : Double 


Bottom plating from keel to upper 
turn of bilge for *51, amidships 


=! 
Wm esa gals J 


=—— 
ne 


wo 


Sheerstrake at ends 

Side shell plating from upper turn of 
bilge to sheerstrake. 

Bottom plating from keel to upper 
turn of bilge at ends. 


Double 
"Treble 

Treble 
ms ‘Quadruple 
; Quadruple 


Double 

Double 

Double 
‘Double 


wt 
0) DO bo 


ee! © 
ROP Lop Wes) 


tol a alo ae 


| 


_ 
ad~2) aia gate |guloo 
' oh 
ee a tet 
See Notes 2,4&5 


eS 


7 
| 


re 


Bi ewe 
Quadruple 
_ Quintuple 


See note 3 


we) 


Om HOO PR co co DO bo 


| _ Quintuple 
Quintuple 


on 
wie 


NOTES.—TABLE 76 B 
1. ‘Treble riveted double butt straps may be fitted as an alternative to quintuple riveted end laps, the rivet spacing being as given in the Table. 


2. ‘The number of rows of rivets in seams all fore and aft is to be regulated by the thickness of plating amidships (except as covered by 
note 5). 


3. In seams of keel and sheerstrake the diameter of rivets and type of seam are to be regulated by the adjacent plating. 


4. For number of rivets between transverse frames in seams of side plating see Table 76 D. Where the form of the ship, forward and 
aft, is curved, or where longitudinal side framing is adopted, the spacing of the rivets is not to exceed 3} diameters where the thickness of plating 
does not exceed *50 inch and 4 diameters where the thickness exceeds *50 inch. Clear of cargo tanks the spacing of rivets in seams of sheerstrake, 
side and bottom plating is not to exceed 44 diameters and in end laps the spacing is not to exceed 4 diameters. (For special requirements for ships 
above 500 feet, see note 5.) 


5. In ships above 500 feet in length in the three seams nearest the neutral axis and for three-quarters of the length amidships the following 
additions are to be made :— 
Above 500 feet and not exceeding 525 feet the spacing is not to exceed 3} diameters. 
Above 525 feet and not exceeding 550 feet the seams are to be treble riveted and the spacing is not to exceed 4 diameters. 
Above 550 feet the seams are to be treble riveted and the spacing is not to exceed 35 diameters. 


6. In way of the strengthening of bottom forward the diameter of rivets in butts and seams is to be appropriate to the increased thickness 
of the plating. 


7. In way of ice strengthening the diameter of the rivets used may be } inch less than that required by Table 52 A for the increased 
thickness of plating. 
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WELDING AND RIVETING 


Cc 


TaBLE 7/6C 


RIVETING OF END LAPS AND SEAMS OF DECK PLATING 
THICKNESS END LAPS AND BUTT STRAPS SEAMS 
Breadth Spacing Spacing 
Trae Not noha “ | — “ee of rivets = oaat of rivets 
eS exceeding epi ype “| centre to ype mene ws centre to 
| Endlap | Butt strap centre | centre 
Inches | Inches | Inches Inches | Inches Inches Inches Inches 
Ee | 7 | | 5 
( ; | “DO ei _| Treble | 74 | 144 25 
50 | 60 | % | ‘Treble | 9 | 163 | vf 
. . “60 q2 | “e Quadruple 12 P22 34 
Strength deck stringer plate for ‘51 aa LF —— : 2 
amidshi i ger E nt “72 84 | 1 Quadruple 14 25 | 4 See note 2 
84 94 1 Quintuple =| 175 | 45 | 
| “94 [sla ml iB Quintuple 20 } 5 
et AL } = 
4 ee! 120° | 1} Quintuple 224 5§ 
( *42 : 3 = Double 5 a 93 3s 
| 42 ‘50 | 4 _|_ Treble 7% | 14} 33 
Strength deck stringer plate at ends. 4 “D0 68 | s | rele | 9 | 164 =i See note 2 
| | 68 “72 a s | Quadruple | 12 | 22 | 4 | 
lL “72 94 | #1 Quadruple 14 | "25 | 44 
a Ss [Sas ee ae ee RG OER cea Wan | eae tp ee ae = | T ] 
f 48 | $ Double | 5 95 2 Double | 45 | 22 | 
| “48 0" | # Treble 74 144 | 28 Double 44 i | ; 25 
50 | 68 | 4 Trel po 54 31 | a 
Strength deck plating for ‘dL : sical $___| ae PEt eee it A ea he a eee j\— Za - = 
amidships *68 “72 | x Quadruple 12 22 Bg Double | 5¢ | 35 
T2 *94 1 | Quadruple | 14 25 4 Double | : 6 i ae | 
& | tld | 1} Quintuple =| 20 _ 5 Double = 65 pati aah 
1:14 | 1°26 1} Quintuple 224 | age | Double | 7% 5 
“50 3 Double 5 93 33 Double | 44 | 2 ae 
‘ fi “7A t- 7 oe 5 7 5 lias r a's 
Strength deck plating at ends. J al o4 fs enn. § 4 10 es = 54 |__ 33, = 
}| ‘°d4 “72 i Treble 9 - 164 a Double é 5} pute BS) a 
72 ‘94 | 1 | ‘Treble | 104 19 dE | Double € i dae 
SEE LLU tttttttttESEE Saeed 


Strength deck stringer angles. 


See note 3 


NOTES.—TABLE 76 C 


1. Treble riveted double butt straps may be fitted as an alternative to quintuple riveted end laps, the rivet spacing being as given in the Table. 


2. In seams of stringer plates the diameter of rivets and number of rows are to be regulated by the thickness of the adjacent deck plating. 


3. The stringer angle is to be double riveted over the cargo tanks and for }B into the poop. The diameter of the rivets is to be governed 
by the thickness of the angle and the rivets are to be spaced 5 diameters apart in each row. At the ends of the ship the riveting is to be in accordance 


with Table 19. 


4. The seams of strength deck plating at ends clear of oil tanks may be single riveted, and rivets spaced, 44 diameters. 
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TABLE ZOD 


WELDING AND RIVETING 
D 


NUMBER OF. RIVETS IN SEAMS OF SIDE SHELL PLATING BETWEEN 
TRANSVERSE FRAMES EXCLUDING RIVETS IN FRAMES 


THICKNESS OF SIDE SHELL IN INCHES 
= | Above ms eh eae WT, ae 
exceeding ‘50 ‘72 
FRAME 50 and not exceeding and not exceeding 
22 | 94 
SPACING dom = = - = bee E = 
* eer — DIAMETER OF RIVET IN INCHES 
NOMBER OF RIVETS IN EACH ROW 
Inches ae i a | 
24 rae: 6 
245 | 8 6 
25 9 | 6 
25% ; 9 7 
26 ned 9 i 6 
264 ‘| 9 7 6 
27 9 7 6 
27% 10 7 oe 
28 : 10 = 6 
285 | 10 7 6 
20 10 | 8 | i 
295 10 | 8 7 
SORL A. 11 8 7 
305 eT 8 | 7 
5 la atilinns 11 : 8 7 
313 | 11 8 | 7 
ae 11 : 8 | 7 
eo 825 8 | 8 
wit el LL J ogy tabi 8 
883 9 8 
34 | 9 8 
344 | 9 8 
35 Dasari 8 
354 9 8 
36 : 9 | 8 


NOTES.—TABLE 76 D 


1. For spacing of rivets clear of cargo tanks and where the form of the 
ship is curved see Table 76 B, note 4. 


2. For special requirements in ships above 500 feet in length see 
Table 76 B, note 5. 
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TABLES 76 E and F 


WELDING AND RIVETING 
E 


CONNECTIONS OF LONGITUDINALS, FRAMES AND STIFFENERS TO STIFFENING BARS ON 
PRIMARY SUPPORTING MEMBERS 


SECTION MODULUS held Sa lal 
OF WELDED RIVETED 
LONGITUDINAL - 
FRAME OR STIFFENER AREA NUMBER DIAMETER 
Inches* ; Square inches = ine | Inches 
Above Not exceeding — | 
15 2-0 4 3 

15 25 | 2-75 4 Zz 

25 385 3-5 5 id 

35 50 4-0 6 
50 70 4-75 7 | q —— 
70 90 5b 8 | ‘ 
90 125 6-25 9 k 


NOTES.—TABLE 76E 


1. Area of weld is the product of the throat thickness and the total length of weld, but the throat thickness is not to be 
less than for a Type 2 weld. (See Table 76 A.) 


2. The area of weld and number of rivets given in the Table are for bottom and side transverses; for deck transverses 
the area of weld or number of rivets is not to be less than half the Table value. 


3. Number of rivets given in the Table (or as modified by note 2) is the minimum; the number fitted is to be sufficient 
to close the work satisfactorily. 


F 


BRACKETS AT HEAD OF SIDE FRAMES AND AT ENDS OF VERTICAL STIFFENERS TO 
LONGITUDINAL BULKHEADS 


CONNECTIONS 
DEPTH OF BRACKETS ities cla at 
WELDED 


RIVETED 


LENGTH OF IDTH OF rat 
STIFFENER THICKNESS Payee AREA NUMBER DIAMETER 
ARM FLANGE 


Inches | “Inches oF Inches Inches Palle ~ Square inches Inches 


=. an 


| 
| 


bol | bop 


P| | om | eo | eo | 0s 
wy aiynl ola 


2 
3 
3 
3 
4 


NOTES.—TABLE 76 F 


1. Area of weld is the product of the throat thickness and the total length of weld, but the throat thickness is not to be 
less than for a Type 2 weld. (See Table 76 A.) 


2. Length of bracket arm is to be measured from the plating. 


3. Thickness of brackets at ends of vertical stiffeners on longitudinal bulkheads need not exceed 44 inch. 
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TABLE OG 


WELDING AND RIVETING 
G 


CONNECTIONS OF PRIMARY SUPPORTING MEMBERS 1} 


Square inches 


Above Not exceeding 
5-0 
| 5-0 aeek 
ae 15-0 
, : 20:0 


WELDED ) 
TO FACE MATERIAL | 
— eS ~ — = a = —_—— ——~iy 
DOUBLE 
POSITION | INTERMITTENT FILLET WELDS 
continuous |———— -— ae 
| LET WITH 6 ING 
FILLET WELDS | STAGGERED OR CHAIN oe | 
Sorc Distance (d) ; = Distance (4) 
Type | (All Type 1) centre to centre Type | centre Oval 
Inches | Inches 
| 
E 1 
For a distance each end equal to -2 x length S) 45 2 105 
Remainder 8 7 2 9 
| 
For a distance each end equal to *2 x length C 6 1 12 
Remainder 8 6 2 9 
For a distance each end equal to -2 x length 2 
| 
‘ * | 
Remainder 2 | 
For a distance each end equal to -2 x length 2 
Remainder rig 
| 


a 
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* May be Type 3 


clear of oil cargo tanks 


NOTES.—TABLE 76 G 


1. Length for use in the above Table is the 
unsupported length of the member including end connec- 
tions. 

2, The extent of the increased connection at each end 
equal to ‘2 x length given in the above Table is measured 
from the end of the member including the end bracket, 
but this length is to be extended as necessary beyond the 
toe of the bracket, and beyond the heel of the bracket 
to cover a contiguous member. 


3. On vertical webs the increased welding or riveting 
may be omitted at the top but at the bottom it is to extend 
for a distance equal to 3 x length. 


SHELL, DECK AND BULKHEAD AND TO FACE MATERIAL 


WELDING AND RIVETING 


G 


TABLE 6G 


WELDED 


TO SHELL, DECK OR BULKHEAD 


INTERMITTENT FILLET WELDS 


TO FACE MATERIAL 


RIVETED 


TO SHELL, DECK OR BULKHEAD 


DOUBLE MAXIMUM SPACING MAXIMUM SPACING 
CONTINUOUS 4 i: be SS SEs = ; i ee 
NTI OF RIVETS CENTRE OF RIVETS CENTRE 
STAGGERED OR CHAIN DOW BIS sea Se 6 INOH OF 
FILLET WELDS i a! yt ee TO CENTRE TO CENTRE 
ROWS 
Sorc Distance (a) Distance (da) 
Type (All Type 1) centre to centre tyne centre to centre ECD IS Le Bat a he mea dees 
| 
| 
Inches | Inches | 
| 
| | = 
| 0 4h | 7 | Double 5 
| | 
1 1 - 
Ns) 45 Z 105 7 Single 5 
| 
| 
= = ae = = = aed patie ar —— = 
| 
2 | 4 Double 5 
C 5 1 1s] 6 Double 5 
- a = i = — — _ _ — | = — —— me —— 
| | | | 
1 | 5 | Double with single riveted 44 
| backbar. 
| 
2 | 6 Double 44 
| 
| | | 
1 | | | 4 Double with single riveted 4 
backbar. 
9 | | | 
2 | | 9) Double 4 


NOTES.—TABLE 76 G (concluded) 


4. In ships over 400 feet long the connection of 
bottom transverses to the shell is not to be less than Type 
2 double continuous and that of the side transverses to 
shell and the vertical webs to longitudinal and transverse 
bulkheads is not to be less than Type 2 double continuous 
in the lower half; in riveted ships these connections are 
not to be less than double riveted angles. 


5. Centre line deck and bottom girders are to be welded 
or riveted as given in the above Table. 


6. For particulars of scalloped construction see 1) 4913 
and notes under Table 76 A. 
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| TABLE ZGH 


(SEE CONTINUATION) 
WELDING AND RIVETING 


H 


WELDING OR RIVETING OF VARIOUS STRUCTURAL CONNECTIONS 


RIVETED 


INTERMITTENT FILLET WELDS 
| MAXIMUM 
| ———————— —| rs 
Foe eer eg | STAGGRRED On CnArn | DOUBLE FILLET wits rae ae 
| FILLET WELDS | 6 INCH SCALLOPS | RIVETS CENTRE 
| | Sorc Distance (d) | Distance (d) | Le di 
nype antsy | eee 0” | type | Penne) | nw praacmans 


i 


centre 


Se es 


i FRAMES & LONGITUDINALS | | | Inches | | Inches 


in cargo tanks, Spacing not over 30 inches 


| in cargo tanks, spacing over 30 inches 


in in deep, oil fuel and peak tanks i 


in fore hold 98 


| Side frames in ‘machinery space, ae not over 29 
| to inches ... ee ; 
shell Pare as —— 


and up to 32 inches 


in machinery space, spacing over 29 inches 7] 
sa 
- | 


in machinery space, spacing over 32 inches 
and up to 84 inches * 


in in machinery space, spacing over 34 inches =a 


-‘Dween deck frames to shell me a re <u ay bat 3 


“Web frames ~ a8 re Bd See Table 76) 


F 


| ar or a distance either side of the y | 
a | Where the | bulkhead equal to *25 x on | 
] length L does | of transverses 
not exceed 
400 ft. 
4 


remainder (except in the forward L 
250) .. = a “ty |) 


Bottom 
longitudinals 

| to shell Where the 
Hh, | length L 


il ts 
1 exceeds 400 ft. iF remainder (except in the forward i 


{ "25 he ate —- hs an j 


bulkhead equal to -30 x a 


For a distcaie "either side of) 
of transverses at 


In the forward -25 i: (except at enidla of span, 


Te " 
where as above) rr AY a ev] 4; with back angle 


| 
| Not over 15 ft. below are Pak: at aide | | 


amidships... ae = | 


i Side 
longitudinals 


to shell 


over 15 ft. and ‘ee a distance ate side of 
not over 25ft. | bulkhead equal to +25 xb 


deck at side 


(cont.next page) | belowstrength < spacing of transverses 
amidships l remainder 


* May be Type 8 clear of oil cargo tanks For notes see page 228 
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TABLE _Z6H 


(SEE CONTINUATION) 
WELDING AND RIVETING 


H (continued) 


WELDING OR RIVETING OF VARIOUS STRUCTURAL CONNECTIONS 


WELDED RIVETED 
INTERMITTENT FILLET WELDS 
escitaiom MAXIMUM 
NTINUOUS ——- - ~~ -—— 
ITEM | DOUBLE FILLET WITH SPACING OF 
| FILLET WELDS STAGGERED OR CHAIN | ODOM Bette RIVETS CENTRE 
2 2) = | 
Distance (da) TO CENTRE 


— os 
Sorc Distance (da) 


| Type (All Type 1.) | paca | Type mae || IN DIAMETERS 
| i | ; 7 
: : : | 
Side ( Over 25 ft. For a distance either side of bulk- | Inches Inches 
ae : head equal to -25 x spacing of 
longitudinals 4 below strength transverses a 2 | 31 
to shell deck at side us me zs : : At hes 
(continued) lL amidships Y emeendek.: s 6 9 9 | 6 
Deck longitudinals to deck plating oa 8 6 2 9 ee 
- Longitudinals to stiffening bars on primary supporting members .. See Table 76 E 
Bottom frames to shell and floors forward . C 6 1 12 5}—aouble riveted 
| Floors to centre girder forward 1 Sa > | 4—double riveted 
Floors and cross ties in fore peak — Ss 2 9 6 
Floors ‘and cross ties in aft peak its sal % | 5 
PRIMARY SUPPORTING MEMBERS | 
Bottom transverses to shell ... x Li ok Acts | 
Side transverses to shell | | 
Deck transverses to deck plating 
Web frames to shell | i 
| ak 
Vertical webs on longitudinal bulkheads : | rs adl athe Had he c 
Centre line vertical webs on transverse bulkheads ... 
Stringers to shell or | 
Horizontal girders to O.T. bulkheads 
Bottom transverses to longitudinal bulkheads 1 | 2 
Deck transverses to longitudinal bulkheads ... 2 | | '5—double riveted 
——— : J} 
| 
BRACKETS 
ee | | 
End brackets to all primary supporting members ... 1 | 41—double riveted 
}except where the 
| transverse is butted 
| | on the bracket ; 
| | when the butt is to 
| = A = ee | be treble riveted — 
Brackets at head of side frames a See | Table 76] F | ae 
Side frames to bilge brackets Sk 58 Wer. or 58 | 
To depend on arranGemenM adopted | 


| 


End connections of longitudinals 


Brackets at ends of vertical stiffeners on n longitudinal bulkheads — 


‘See Table 76| F 
_ Brackets at ends of stiffeners on transverse bulkheads To depend on n end con nections of longitudinals. a“ 
_Tripping brackets aba la. Aalie 6 2 9 6 
Docking brackets e. ; Famene en ha ' 94 5 
"‘Stiffening of primary supporting members ... ; . S$ rf | es etl | wr st 
nn es 


* May be Type 3 clear of oil cargo tanks For Notes see page 228 
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TABLE _Z6H 


(CONCLUDED) 
WELDING AND RIVETING 


H (concluded) 


WELDING OR RIVETING OF VARIOUS STRUCTURAL CONNECTIONS. 


WELDED RIVETED 
DOUBLE | INTERMITTENT FILLET WELDS | 
| coNTINUVOUS | poo ae ee a Sy, MAXIMUM — 
anet | FILLET WELDS | sTaGGERED or cHain | POUBLE FILLET WITH Seen 
| | a i" : 38 INCH SCALLOPS | RIVETS CENTRE 
arid | Distance (d) | | Distance (a) | ZOLCRNEES 
Type (All Type 1) poune te | Type | eonea IN DIAMETERS 
a ° - oi | ; Inches | Inches _ he a 
| 
O.T. TRANSVERSE & LONGITUDINAL BULKHEADS | | | 
\ spacing not exceeding 30 inches ... Bn es S 6 2 | 9 6 
Vertical Pe e . : ; : 
stiffeners i 
‘Spacing exeeeding 30 inches on mee ae Ss 5} 4 2 9 5} 
f Not over 15 ft. below highest point of tank ... | Ss 6 2 9 | 6 
g } 
f Foradistance either y _ 
over aS fi side of p bulkhead \ 9 4} 
and nok ) equal to *25 x spac- [ 
| | 
over 25 ft. ing of transverses J | | . | 
on remainder S 6 | 2 9 6 
longitudinal < - — Ie el fen meet 
Horizontal bulkheads Heradimansearties 1 | | 
stiffeners side of bulkhead \ 5 | 31 
over equal to*25 x spac- si | 2 
25 ft. ing of transverses 
~ 7 | _ ~ | 
| remainder ... val Ss 6 2 9 | 6 
he. 9 ee ; : {- — | | 
| | | | 
Not over 18 ft. “below v highest | ; 9 | : | 
NS 6 2 9 | 6 
on transverse pom: of tank . : £4 | 
bulkheads - -——— - —-- - , 
rf lo over 18 ft. wre a ap | S | 5 2 | 9 5 
| 
= rt | | 2 | x 
of f Tongitudinal bulicheads to bottom or deck | 1 | | | | 5—double riveted 
{ to shall a at & botbomn or bilge 7 1 | 5—double riveted 
Boundaries "OTHE 7 [7 aro a | 
of transverse J +5 shell at aides or to dack 2 | 5—double riveted 
bulkheads = ; - 
lt to longitudinal bullsheads es 2 | | 5—double riveted 
Vertical webs ... ve * ahs ra ve ao ) | See Table 76| G 
Horizontal girders... a ae ay “ve aE {| | 


NOTES.—TABLE 76 H 


1. The requirements of D 31 are to be complied with where applicable except that within the cargo tanks double continuous 
fillets of Type 3 (Table 76 A) are to be restricted to longitudinal framing and to bulkhead stiffening, and are to have a minimum 
leg length of ‘20 inch. 


2. The breadths of flanges of connecting angles are generally to be not less than four times the rivet diameter for rivets up to % inch 
in diameter and three-and-a-half times for rivets 1 inch and above in diameter. 


The distance from the centre of the rivet hole to the edge of the angle is to be not less than one-and-a-half rivet diameters. 
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MINIMUM THICKNESS OF STRUCTURE IN TABLE 7 
CARGO TANKS AND COFFERDAMS 


LENGTH MINIMUM 
IE THICKNESS 
Feet Inches 
250 “34 
3800 “36 
400 “38 
500 “42 
600 “44 
SPAN POINT 


SPAN POINT FOR LONGITUDINALS, FRAMES AND STIFFENERS 


__SPAN POINT sein Beat 


ope 
SPAN POINT 


SPAN POINT 


D = Table depth of girder 


SPAN POINT _ 


SPAN POINT 
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Chapter E 
PUMPING AND PIPING 


Section 1 
PLANS 
101 ‘The following plans are to be submitted for 
consideration :— 
pumping arrangements, including air and 
(Shipbuilder’s plan.) 


General 
sounding pipes. 

Pumping arrangements at the forward and after ends 
of oil tankers and drainage of cofferdams and pump 
rooms. 

General arrangement of cargo piping in tanks and on 
deck of oil tankers. 

Piping arrangements for cargo oil (F.P. above 150° F.). 

Bilge, ballast and oil fuel pumping arrangements in 
the machinery space, including the capacities of the 
pumps on bilge service. 

Arrangement of oil fuel pipes and fittings at settling 
and service tanks. 

Arrangement of oil fue! piping in connection with oil 
burning installations. 

Oil fuel and cargo oil overflow systems, where these are 
fitted. 

Arrangement of boiler feed system. 


Oil fuel settling, service and other oil fuel tanks not 
forming part of the ship’s structure. 

Above plans of machinery space piping are to be 
diagrammatic. 

Arrangement and dimensions of main steam pipes with 
details of flanges, bolts and weld attachments and 
particulars of the material of pipes, flanges, bolts and 
electrodes. 

NotTr.—Plans additional to the above should not be submitted 


unless the arrangements are of a novel or special character affecting 
classification. 


Section 2 
BILGE AND BALLAST 
General 


201 In power driven ships the pumping arrange- 
ments according to the division of compartments, rise 
of floor and other conditions are to be as detailed in 
this Section. 


419 


The Committee will be prepared to give considera- 
tion to special cases or to arrangements which are 
fully equivalent to those required by these Rules. 
Consideration will also be given to the pumping arrange- 
ments of small ships and ships to be assigned class 
notations for restricted or special services. 


(For pumping arrangements of non-propelled ships, 
see E 11.) 


Hold and Tank Drainage 

202 All ships are to be provided with efficient 
pumping plant having the suctions and means for 
drainage so arranged that any water within any com- 
partment of the ship, or any watertight section of any 
compartment, can be pumped out through at least one 
suction when the ship is on an even keel and is either 
upright or has a list of not more than 5 degrees. For 
this purpose wing suctions will generally be necessary, 
except in short, narrow compartments where one suction 
can provide effective drainage under the above 
conditions. 


203 In ships having only one hold, and this over 
110 feet in length, bilge suctions are to be fitted in 
suitable positions in the after half-length, also in the 
forward half-length of the hold. 


204 Where close ceiling or continuous gusset plates 
are fitted over the bilges, arrangements are to be made 
whereby water in a hold compartment may find its way 
to the suction pipes. 


205 Where the inner bottom plating extends to 
the ship’s side, the bilge suctions are to be led to wells 
placed at the wings. If the tank top plating has inverse 
camber, a well is also to be fitted at the centre line. 


206 Bilge wells are to be formed of steel plates 
and are to be of not less than 6 cubic feet capacity. 
In small compartments, steel bilge hats of reasonable 
capacity may be fitted. 


207 Where access manholes to bilge wells are 
necessary, they are to be fitted as near to the suction 
strums as practicable. 
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Chapter E 


208 Access to the bilge suction strum of a hold 
well should not be obtained by means of a manhole in 
the machinery space watertight bulkheads or tank top 
plating in the machinery space or tunnel if this can be 
avoided. 


Where, however, this arrangement is necessary, 
the watertight manhole cover should be of hinged type 
and an instruction plate, in raised letters, should be 
affixed in a well lighted position, to the effect that this 
door must be kept shut, except when access is 
required. 


209 ‘The intactness of the machinery space bulk- 
heads, and of tunnel plating which is required to be of 
watertight construction, is not to be impaired by the 
fitting of scuppers discharging to machinery space or 
tunnels from adjacent compartments which are situated 


below the bulkhead deck. 


These scuppers may, however, be led into a strongly 
constructed scupper drain tank situated in the machinery 
space or tunnel but closed to these spaces and drained 
by means of a suction of appropriate size led from the 
main bilge line through a screw-down non-return 
valve. 


The tank air pipe is to be led to above the bulkhead 
deck and provision is to be made for ascertaining the 
level of water in the tank. 


Where one tank is used for the drainage of several 
watertight compartments, the scupper pipes are to be 
provided with screw-down nen-return valves. 


210 Steering gear compartments or other small 
enclosed spaces situated above the after peak tank 
are to be provided with suitable means of drainage 
either by hand or power pump bilge suctions. 


If, however, these compartments are adequately 
isolated from the adjacent ’tween decks, they may be 
drained by scuppers not less than 1} inches bore, 
discharging to the tunnel and fitted with self-closing 
cocks situated in well lighted and visible positions. 


Drainage from Refrigerated Cargo Spaces 


211 Provision is to be made for the continuous 
drainage of the inside of all insulated chambers and 
cooler trays. 


212 Drains which are led from lower holds and 
cooler trays situated on the tank top are to be fitted 
with liquid sealed non-return bilge traps. 
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Drains from ’tween deck chambers and from cooler 
trays which are situated well above the tank top are 
also to be fitted with liquid sealed traps, but the non- 
return valves may be omitted if desired. (For insulation 
of scupper pipes, see E 418.) 


218 Where drains from separate chambers join a 
common main, the branch pipes are each to be provided 
with a liquid sealed trap. 


214 The liquid sealed traps are to be of adequate 
depth and arrangements are to be made for ready 
access to the traps for cleaning and refilling with 
brine. 


215 Sluices, scuppers or drain pipes which would 
permit drainage from compartments outside the insulated 
chambers into the bilges of the latter are not to be 
fitted. 


216 Screwed plugs or. other means for blanking 
off scuppers draining insulating chambers and cooler 
trays are not to be fitted. 


If, however, it is specially desired by the Owners to 
provide means for temporarily closing these scuppers, 
they may be fitted with shut-off valves controlled 
from readily accessible positions on a deck above the 
load water line. 


Machinery Space—Bilge Drainage 

217 The bilge drainage arrangements in the 
machinery space are to be such that any water which 
may enter this compartment can be pumped out 
through at least two bilge suctions when the ship is on 
an even keel and is either upright or has a list of not 
more than 5 degrees. One of these suctions is to be a 
branch bilge suction, i.e., a suction connected to the 
main bilge line, and the other is to be led direct from an 
independent power pump or steam ejector. Examples 
of the necessary arrangements are detailed in 218 
to 220. 


218 Where the double bottom extends the full 
length of the machinery space and forms bilges at the 
wings, it will be necessary to provide one branch and 


one direct bilge suction at each side. 


ic 


219 Where the double bottom plating extends 
the full length and breadth of the compartment, one 
branch bilge suction and one direct bilge suction are to 
be led to each of two bilge wells of not less than 6 cubic 
feet capacity, situated one at each side. 


PUMPING AND PIPING 


220 Where there is no double bottom and the 
rise of floor is not less than 5 degrees, one branch and 
one direct bilge suction are to be led to accessible 
positions as near the centre line as practicable. 


If the rise of floor is less than 5 degrees additional 
bilge suctions are to be provided at the wings. 


221 Where direct bilge suctions are required on 
both sides of the ship, one of these suctions is to be of 
a size not less than required for the main bilge line, 
the other maybe of the size required for engine room 
branch bilge suctions, but the smaller suction is to be 
fitted on the same side as the emergency bilge suction 
required by 226 or 227. 


222 Additional bilge suctions may be required 
for the drainage of depressions in the tank top formed 
by crank pits, or other recesses, by tank tops having 
inverse camber or by discontinuity of the double 
bottom. 


223 In ships in which the propelling machinery 
is situated at the after end of the ship, it will generally 
be necessary for bilge suctions to be fitted in the forward 
wings as well as the after end of the machinery space, 
but each case will be dealt with according to the size 
and structural arrangements of the compartment. 


224 In ships propelled by electrical machinery, 
special means are to be provided to prevent the accumu- 
lation of bilge water under the main propulsion 
generators and motors. 


225 Where the machinery space is divided by 
watertight bulkheads to separate the boiler room(s) 
or auxiliary engine room(s) from the main engine room, 
the number and position of the main bilge line suctions 
in the boiler room(s) and auxiliary engine room(s) are to 
be the same as for cargo holds. 


In addition to the main bilge line suctions an 
independent power pump direct bilge suction, or a steam 
bilge ejector suction, is to be fitted in each compartment. 
Similar provision is to be made in separate motor rooms 
of electrically propelled ships. 


The bilge drainage arrangements in the main 
engine room are to be as detailed in 217 to 224. 


Machinery Space—Emergency Bilge Drainage 

226 In steamers, the main circulating water pump 
to each main engine is to be fitted with an emergency 
bilge suction, i.e., “bilge injection’, which is to be 
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additional to the bilge suctions detailed in 217 to 225. 
This suction, which is to have a diameter of at least two- 
thirds that of the pump suction, is to be led to a suitable 
low level in the machinery space and is to be fitted with 
a screw-down non-return valve having the spindle so 
extended that the handwheel is not less than 18 inches 
above the bottom platform. 


If two pumps are provided for one engine, each 
capable of supplying sufficient cooling water for normal 
power, only one pump need be fitted with an emergency 
bilge suction. 


In coal-burning steamships a flexible bilge hose is 
to be provided for connecting to the independent power 
bilge pump. The hose is to have an internal diameter 
of 4 inches or that required for the main bilge line, 
whichever is the less, and is to be of sufficient length 
to reach any part of the engine and boiler room bilges 
into which coal or ashes could be washed. The lower 
end of the hose is to be provided with a strainer. 


The hose fitting on the pump is to comply with 
the requirements of 246. 


227 In motorships, emergency bilge drainage may 
be provided by a bilge injection led from the main cooling 
water suction line and of the same size as that line. 


The valve nameplate is to be marked ‘For 
emergency use only”’. 


Alternatively, the emergency bilge drainage may 
be provided by a direct bilge suction led from the largest 
available power pump and is to be of the same size as 
the suction branch of the pump. 


Where the pump is of the self priming type, the 
smaller direct bilge suction required by 221 may be 
omitted. 


Machinery Space—Cooling Water Discharge to Bilges 

228 Where a considerable quantity of cooling 
water is discharged to the machinery space bilges, 
special arrangements are to be made to deal with this 
water, in addition to the ordinary bilge pumping 
arrangements. 


Tunnel Drainage 


229 The tunnel well is to be drained by a suction 
from the main bilge line. 


230 Where the tank top in the tunnel slopes 
down from aft to forward, a bilge suction is to be 
provided at the forward end of the tunnel, in addition 
to the tunnel] well suction required by 229. 
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Sizes of Bilge Suction Pipes 


231 The diameters of bilge suction pipes are to 
be not less than required by the following formule, 
to the nearest quarter inch:— 


Main Biter Line 


an/ 


In no case is the diameter of the main bilge line 
to be less than required for any branch bilge suction. 


L@ + D) 


2500 


+1 (a) 


Brancu Bitce Suctions Tro Cargo AND MACHINERY 


SPACES : 
“y C (B + D) 
es ap |e ae (>) 
where d= internal diameter of main bilge line, in 
inches, 
d,, = internal diameter of branch bilge suction, 
in inches, 


L = Rule length of ship, in feet, 

B = Rule breadth of ship, in feet, 

D = moulded depth to bulkhead deck, in feet, 
C = length of compartment, in feet. — 


No bilge suction pipe is, however, to be less than 
2 inches bore. 


Direct Bitge Sucrions, ‘OTHER THAN EMERGENCY 
Suctions 


One of the direct bilge suctions in the main engine 
room and the direct bilge suctions in large separate 
boiler rooms, motor rooms of electrically propelled 
ships and auxiliary engine rooms are to be of a diameter 
not less than required for the main bilge line. 


The other direct bilge suction in the main engine 
room may, as stated in 221, be of the diameter required 
for the engine room branch bilge suctions. 


Where the separate machinery spaces are of small 
dimensions, the sizes of the direct bilge suctions to these 
spaces will be specially considered. 


EMERGENCY BILGE SucTIONS 


For sizes of emergency bilge suctions, see 226 
and 227. 


232 In oil tankers and similar ships where the 
engine room pumps do not deal with bilge drainage 
outside the machinery space, the diameter of the main 
bilge line may be less than required by 231, formula 
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(a) provided the cross-sectional area is not less than 
twice that required for the branch bilge suctions in the 
machinery space. 


233 The area of each branch pipe connecting the 
bilge main to a bilge distribution chest is to be not less 
than the sum of the areas required by the Rules for 
the two largest branch bilge suction pipes connected 
to that chest, but need not be greater than that required 
for the main bilge line. 


234 The bilge suction pipe to the tunnel well is 
to be not less than 24 inches, bore, except in ships not 
exceeding 200 feet in length, in which case it may be 
2 inches bore. 


Bilge and General Service Pumps 

235 Not less than two power operated bilge 
pumping units are to be provided in the machinery 
space, one of which may -be worked from the main 
engines. The other unit is to be independently 
driven. 


Each of these units is to be connected to the main 
bilge line and is to be capable of giving a speed of 
water through the Rule size of bilge line of not less 
than 400 feet per minute under ordinary working 
conditions, but where one unit is of slightly less than 
this capacity, the deficiency may be made good by an 
excess capacity of the other unit. 


286 TABLE OF CAPACITIES 


Bore of bilge Capacity of each Capacity of each 


pipe in inobes | Pamping unit | Wine imohs Sere ee 
2 15 | 5] 103 
2} 19 | 54 118 
24 23 \ 5} 124 
23 28 6 135 
3 34 64 146 
34 40 6} 158 
34 46 6} 171 
33 D3 7 183 
4 60 74 197 
4] 68 74 210 
44 76 74 224 
43 84 8 239 
5 93 8} 254 


237 Each unit may consist of one or more 
pumps connected to the main bilge line, provided 
their combined capacity is adequate. 
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238 The steam bilge ejector mentioned in 217 and 
243 is not accepted as a substitute for the independent 
bilge pump required by 235. 


Self-Priming Pumps 

239 All power pumps which are essential for 
bilge services are to be of self-priming type, unless an 
approved central priming system is provided for these 
pumps. Details of this system are to be submitted. 


Cooling water pumps having bilge ejection connec- 
tions need not be of self-priming type. 


Pump Connections 

240 The connections at the bilge pumps are to 
be such that one unit may continue in operation when 
the other unit is being opened up for overhaul. 


241 Pumps required for essential services are not 
to be connected to a common suction or discharge chest 
or pipe unless the arrangements are such that the working 
of any of the pumps so connected is unaffected by the 
other pumps being in operation at the same time. 


Direct Bilge Suctions 

242 The direct bilge suctions in the machinery 
space(s) are to be led to independent power pump(s), 
and the arrangements are to be such that these direct 
suctions can be used independently of the main bilge 
line suctions. 


Ejector Suctions 

248 Steam bilge ejector suction(s) of similar size 
to the power pump direct bilge suctions mentioned in 
242 may be substituted for the latter, provided the 
capacity of the ejector be not less than required by 
236 and there be adequate means of replenishing the 
boiler feed water expended as steam by the ejector(s). 


If it is desired to employ compressed air or water 
in lieu of steam for the ejector, details are to be 
submitted. 


Main Bilge Line Suctions 

244 Suctions from the main bilge line, i.e., branch 
bilge suctions, are to be arranged to draw water from 
any hold or machinery compartment of the ship, 
excepting small spaces such as those mentioned in 258 
and 259, where manual pump suctions are accepted, 
and are to be of not less size than required by 231, 
formula (b). (For special arrangements for oil tankers, 
see E1212 to EK 1217.) 


Chapter E 


Pipe Systems and their Fittings 

245 The arrangement of valves, cocks and their 
connections is to be such as to prevent the possibility 
of one watertight compartment being placed in 
communication with another, or of dry cargo spaces, 
machinery spaces or other dry compartments being 
placed in communication with the sea or with tanks. 

To effect this requirement, the bilge connections to 
any pump having also suctions from the sea and from 
tanks should be made either by means of non-return 
valves or cocks which cannot permit communication 
between the bilges and the sea or compartments in use 
as tanks. 


246 Screw-down non-return valves are to be 
provided in the following fittings :— 


Bilge valve distribution chests; 
Bilge suction hose connections, whether fitted direct 
to the pump or on the main bilge line; 


Direct bilge suctions and bilge pump connections to main 
bilge line. 


247 Bilge pipes which are required for draining 
cargo or machinery spaces are to be entirely distinct 
from sea inlet pipes or from pipes which may be used 
for fillmg or emptying spaces where water or oil is 
carried. This does not, however, exclude a_ bilge 
ejection connection, a connecting pipe from a pump 
to its suction valve chest, or a deep tank suction pipe 
suitably connected through a change-over device +o 
either a bilge, ballast or oil line. 


248 Suctions for bilge drainage in machinery spaces 
and tunnels, other than emergency suctions, are to be led 
from easily accessible mud boxes fitted with straight tail 
pipes to the bilges and having covers secured in such a 
manner as to permit of their being expeditiously opened 
or closed. Strum boxes are not to be fitted to the lower 
ends of these tail pipes. 


249 The open ends of bilge suctions in holds and 
other compartments outside machinery spaces and 
tunnels, are to be enclosed in strum boxes having 
perforations not more than % inch diameter, whose 
combined area is not less than twice that required for 
the suction pipe. The boxes are to be so constructed 
that they can be cleared without breaking any joint of 
the suction pipe. 

The distance between the foot of all bilge tail 
pipes and the bottom of the bilge or well is to be 
adequate to allow a full flow of water and to facilitate 
cleaning. 
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250 All cocks and valves in connection with bilge, 
ballast and fresh water suction pipes are to be fitted 
with legible nameplates and, unless otherwise specifically 
mentioned in the Rules, are to be fitted in places where 
they are at all times readily accessible. 


251 Bilge cocks, valves and mud boxes are to be 
fitted at, or above, the machinery space and tunnel 
platforms. 


Where it is not practicable to avoid the fittings 
being situated at the starting platform or in passage- 
ways, they may be situated just below the platform, 
provided readily removable traps or covers are fitted 
and nameplates indicate the presence of these fittings. 


If relief valves are fitted to pumps having sea 
connections, these valves are to be fitted in readily 
visible positions above the platform. 


252 Bilge suction pipes are not to be carried 
through double bottom tanks if it is possible to avoid 
doing so. 


Bilge pipes which pass through these tanks are to 
be of substantial strength and are to be tested, after 
fitting, to the same pressure as the tanks through 
which they pass. 


253 In way of deep tanks for water ballast, fresh 
water, oil fuel or cargo oil, bilge pipes should preferably 
be led through pipe tunnels but, where this is not done, 
the pipes are to be of steel of heavy gauge with welded 
joints or heavy flanged joints. The number of joints is to 
be kept to a minimum. 


Expansion bends, not glands, are to be fitted to 
these pipes within the tanks, and the open ends of the 
bilge suction pipes in the holds are to be fitted with 
non-return valves of the special type approved for use 
in holds (see 265.) 


Tank piping, other than that of the deep cargo 
tank pumping system, is not to be situated within deep 
cargo oil tanks. 


The pipes are to be tested, after fitting, to a pressure 
not less than the maximum head to which the tanks 
can be subjected. 


254 Bilge, ballast and cooling water suction and 
discharge pipes are to be permanent pipes made in 
readily removable lengths with flanged joints, except as 
mentioned in 253, and are to be efficiently secured in 
position to prevent chafing or lateral movement. 
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Long or heavy lengths of pipes are to be supported 
by bearers so that no undue load is carried by the 
flanged connections of the pumps or fittings to which 
they are attached. 


Where lack of space prevents the use of normal 
circular flanges, details of the alternative methods of 
joining the pipes are to be submitted. 


Pipes for the bilge and ballast systems are to be 
made of cast or wrought iron, steel, copper or other 
approved material. 


255 Suitable provision for expansion is to be made 
in each range of pipes and where the connections at 
bulkheads and other structural parts of the ship are 
made with lead bends, the radii of the bends and the 
distance between the axes of the straight parts of the 
pipe are each to be not less than three diameters and 
the length of the bend is to be at least eight diameters 
of the pipe. ; 


256 Bilge suction pipes of lead are not permissible 
in engine rooms, boiler rooms or other compartments 
in which oil fuel storage tanks, cargo oil tanks or oil 
fuel appliances are situated. Nor are they to be used 
within coal bunkers or attached to bunker bulkheads 
or oil tanks. 


Fore and After Peak Drainage 

257 Where the peaks are used as tanks, a separate 
power pump suction is to be led to each tank, except 
in the case of small tanks used for the carriage of domestic 
fresh water, when hand pumps may be used. 


258 Where the peaks are not used as tanks and 
main bilge line suctions are not fitted, drainage of both 
peaks may be effected by hand pump suctions, provided 
the suction lift be well within the capacity of the pumps 
and in no case exceeds 24 feet. 


259 Provision is to be made for the drainage of 
the chain locker and the watertight flat above the fore 
peak tank by hand or power pump suction. (For 
drainage of the flat above the after peak tank, 
see 210.) 


260 Where a suction pipe is led from the engine 


. room to the fore peak, either through a hold space or 


236 


through a tank intended to carry oil fuel, it is to be 
provided with a screw-down valve capable of being 
operated from an accessible position above the bulkhead 
deck, the chest being secured to the collision bulkhead 
inside the fore peak. An indicator is to be provided 
to show whether the valve is open or shut. 
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Watertight Bulkhead and Tunnel Fittings 
261 No drain valve or cock is to be fitted to the 
collision bulkhead. 


262 Drain valves or cocks are not to be fitted 
to other watertight bulkheads, if alternative means of 
drainage are practicable. 

Where fitted, the valves and cocks are to be at 
all times readily accessible and are to be capable of 
being shut off from positions above the bulkhead deck. 
Indicators are to be provided to show whether the drains 
are open or shut. (For drainage of stern compartments, 
see 210.) 


263 Valve chests, cocks, pipes or other fittings 
attached direct to the plating of tanks, and to bulk- 
heads, flats or tunnels which are required to be of 
watertight construction, are to be secured by means 
of studs screwed through the plating or by tap bolts 
and not by bolts passing through clearance holes. 

Alternatively, the studs or the bulkhead piece may 
be welded to the plating. 


Deep Tanks 

264 In the case of deep tanks which may be used 
for either water ballast or dry cargo, provision is to be 
made for blank flanging the water ballast filling and 
suction pipes when the tank is being used for the carriage 
of dry cargo and for blank flanging the bilge suction 
pipes when the tank is being used for the carriage of 
water ballast. 

Change-over devices may be used for this purpose. 
(For arrangements when oil fuel or cargo oil is carried 
in deep tanks, see E 320.) 


Hold Bilge Valves 

265 Where non-return valves are fitted to the 
open ends of bilge suction pipes in cargo holds in order 
to decrease the risk of flooding, they are to be of an 
approved type which does not offer undue obstruction 
to the flow of water. 


Ship Side Valves (other than those on Scuppers and 
Sanitary Discharges) 


266 All sea inlet and overboard discharge pipes 
are to be fitted with valves or cocks secured direct to 
the shell plating or to the plating of fabricated steel 
water boxes attached to the shell plating. These fittings 
are to be secured by bolts tapped into the plating and 
fitted with countersunk heads or by studs screwed into 
heavy steel pads fitted to the plating. The stud holes 
are not to penetrate the plating. 
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Distance pieces of short rigid construction, and 
made of approved material as required by 270, may be 
fitted between the valves and shell plating. Distance 
pieces of steel may be welded to the shell plating. 
Details of the welded connections and of fabricated 
steel water boxes are to be submitted. 


267 All suction and discharge valves and cocks 
direct on the shell plating of the ship are to be fitted 
with spigots passing through the plating, but the spigots 
on the valves or cocks may be omitted if these fittings 
are attached to pads or distance pieces which themselves 
form spigots in way of the shell plating. 


Blow-down cocks or valves are also to be fitted 
with a protection ring through which the spigot is to 
pass, the ring being on the outside of the shell plating. 


268 Blow-down cocks or valves on the ship’s side 
are to be fitted in accessible positions above the level 
of the working platform and are to be arranged so that 
it can be readily seen whether they are open or shut. 
Cock handles are not to be capable of being removed 
unless the cocks are shut, and if valves are fitted, the 
wheels are to be fixed to the spindles. 


269 Sea inlet and overboard discharge cocks and 
valves are in all cases to be fitted in easily accessible 
positions and, as far as practicable, are to be readily 
visible. 


The inlet valve spindles are to extend above the 
lower platform, and the hand wheels of the main 
injection and bilge injection valves are to be situated not 
less than 18 inches above this platform. 


270 Where valves or cocks are over 3 inches bore, 
they are to be of steel or an approved grade of cast iron 
or other approved material; this requirement applies 
equally to inlet chests, distance pieces, and other sea 
connections. 


All these fittings, if made of steel, are to be suitably 
protected against wastage. 


271 The scantlings of valves and valve stools 
fitted with steam or compressed air clearing connections 
are to be suitable for the maximum pressure to which 
the valves and stools may be subjected. 


Cross-reference 
272 For sea connections for ships having notation 
for ice navigation, see H 809 to H 811. 
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Miscellaneous Requirements 

273 <All pipes situated in cargo spaces, coal 
bunkers, chain lockers or other positions where they 
are liable to mechanical damage are to be efliciently 
protected. (See D 2519, quoted at end of this Section, 
and D 2412, quoted at end of E 4.) 


274 Wash deck pipes and discharge pipes from 
the pumps to domestic water tanks are not to be led 
through cargo holds if, as is generally the case, it is 
practicable to avoid doing so. Any proposed departure 
from this requirement is to be submitted. 


275 As far as practicable, pipe lines, including 
exhaust pipes from oil engines, are not to be led in 
the vicinity of switchboards or other electrical appliances 
in positions where drip or escape of liquid, gas or steam 
from joints or fittings may cause damage to the electrical 
installation. 


Where it is not practicable to comply with these 
requirements, drip trays or shields are to be provided 
as found necessary. 


Short sounding pipes to tanks should not terminate 
near electrical appliances (see Ei 413.) 


Extract from Chapter D for reference 


Scuppers 


D 2508 Scuppers sufficient in number and size to 
provide effective drainage are to be fitted in all 
decks. 


D 2509 When the weather deck stringer angle is 
cut in way of scuppers compensation is to be provided. 


D 2510 Scupper pipes which drain spaces below 
the freeboard deck are to be led to the bilges, or may 
be led overboard provided the spaces drained are above 
the load waterline and the scuppers are fitted with 
screw-down non-return valves capable of being operated 
from a position always accessible and above the freeboard 
deck. Means are to be provided for showing whether 
the valves are open or closed. 


D 2511 Scuppers draining spaces in intact super- 
structures or in superstructures having the openings 
in the end bulkheads closed by strong hinged steel 
doors may be led to the bilges or may be led overboard 
and fitted if considered necessary with screwdown 
non-return valves as required by 2510. 
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D 2512 Scuppers draining spaces in short super- 
structures having the openings in the end bulkheads 
closed by appliances as described in D 2301 are to be 
led overboard, with the exception of the scuppers 
above the machinery space which may be led to the 
bilges where the lower ends of the pipes are to be visible 
and readily accessible. 


D 2518 Scuppers which drain overboard from 
spaces referred to in 2511 and 2512 and which are not 
required to have storm valves with positive means of 
control are to be fitted with non-return valves of 
automatic type. 


D 2514 Scuppers draining spaces in long super- 
structures having the openings in the end bulkheads 
closed by appliances as described in D 2301 are, within 
the range of the machinery space, to be led to the 
bilges where the lower ends of the pipes are to be visible 
and readily accessible. 


Where additional scuppers are required to ensure 
effective drainage of the spaces clear of the machinery 
space these scuppers are to be led to the hold bilges 
and fitted with screw-down valves at the freeboard 
deck, the valves being controlled from a position which 
is accessible at all times above the freeboard or super- 
structure deck. Means are to be provided for showing 
whether the valves are open or closed. 


D 2515 Plans showing the arrangement of scuppers 
for draining refrigerated cargo compartments are to be 
submitted for consideration. 


Sanitary Discharges 

D 2516 Sanitary discharges from spaces below the 
freeboard deck are to be provided with efficient and 
accessible means of preventing water from passing 
inboard. 


Each discharge is to have a screw-down automatic 
non-return valve operated from an accessible position 
above the freeboard deck. Means are to be provided 
for showing whether the valve is opened or closed. 


Alternatively, two automatic non-return valves, 
without positive means of closing, may be fitted provided 
the upper valve is in a position which is always accessible 
for examination. 


D 2517 Discharges from spaces within enclosed 
superstructures are each to be fitted with automatic 
non-return valves, but arrangements similar to those 
described in 2516 may be required. 
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Materials for Valves and Pipes 

D 2518 Castings enclosing non-return valves are 
to be of substantial construction. These castings, also 
the elbow pieces where no valves are required, are to 
be of approved material other than ordinary cast iron. 
The length of pipe attached to the valve or elbow 
piece is to be of galvanised steel of standard steam 
pipe quality. ‘ 


Protection of Pipes and Valves 

D 2519 In all cargo spaces or coal bunkers, scupper 
pipes, discharges and screw-down valves and their 
controls are to be well protected; in coal bunkers the 
protection is to be of steel. 


Section 3 


OIL FUEL AND CARGO OILS HAVING A FLASH 
POINT ABOVE 150° F. 

General 

801 In addition to the special requirements 
detailed in this Section, the requirements of E 2 relating 
to bilge and ballast are to be complied with in so far 
as they are applicable to the drainage of tanks, oil 
bilges and cofferdams. 


Oil Fuel Pumps and Oil Burning Appliances 

302 In every ship where steam for the main 
propelling engines, or for auxiliary machinery which 
is required for essential services, is generated by burning 
oil fuel under pressure, there are to be not less than 
two oil burning units, each unit comprising a pressure 
pump, a suction filter, a discharge filter and a heater. 


In two unit installations, each unit is to be capable 
of supplying fuel for generating al] the steam required 
for essential services. 


In installations of three or more units, the capacities 
and arrangements of the units are to be such that all 
the steam required for essential services can be main- 
tained with any one unit out of action. 


303 Unit pressure pumps for the oil burning 
system are to be entirely separate from the feed, bilge 
or ballast systems. 


304 In systems where oil is fed to the burners 
by gravity, duplex filters are to be fitted in the supply 
pipe line to the burners and so arranged that one filter 
can be opened up when the other is in use. 
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305 If oil fuel is sprayed by steam, means are 
to be provided to carry or make up the fresh water 
used for this purpose. 


806 A starting-up oil fuel unit, including an 
auxiliary heater and hand pump, or other suitable 
starting-up device, which does not require power from 
shore, is to be provided. 


307 All pumps used in connection with oil fuel 
are to be provided with effective escape valves which 
are to be in close circuit, i.e., discharging back to the 
suction side of the pumps. 


Escape valves are also to be fitted on the oil side 
of the heaters, discharging to the pump suction line, 
to the tray under the unit, or to other approved position, 
and are to be adjusted to operate at a pressure of 50 |b. 
per square inch above that of the pump escape valve. 


808 Where a power driven transfer pump is 
necessary for pumping up the settling tanks in motor- 
ships and steamships, a stand-by pump is to be provided 
and connected ready for use, or alternatively, emergency 
connections may be made to one of the unit pumps or 
to another suitable power driven pump. 


Oil Pipes and Fittings 

309 Pipes conveying heated oil under pressure 
are to be of seamless steel having flanged couplings 
and placed in sight above the platform in well lighted 
parts of the stokehold or engine room. 


The flanges are to be machined and the jointing 
material, which is to be impervious to oil heated to 
250° F., is to be the thinnest possible, so that the flanges 
are practically metal to metal. The scantlings of the 
pipes and their flanges are to be suitable for at least 
200 Ib. per square inch working pressure, or the pressure 
to which the relief valves are adjusted, whichever is 
the greater. 


The pipes, heaters and their fittings are to be 
tested after jointing to not less than 400 Ib. per square 
inch, or twice the working pressure, whichever is the 
greater. 


The thickness of the oil fuel pressure pipes is to 
be determined from the formula contained in E 512. 


810 The short joining lengths of pipes to the 
burners from the control valves on the boiler front 
may have cone unions of specially robust construction. 
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Flexible pipes of approved material and design 
may be used for the burner pipes provided spare lengths, 
complete with couplings, be carried on board. 

A quick closing master valve is to be fitted on the 
hot oil supply to each boiler manifold. 


311 ‘Transfer, suction and other low pressure oil 
pipes and all pipes passing through oil storage tanks 
are to be made of cast or wrought iron or steel, having 
flanged joints suitable for a working pressure of not 
less than 100lb per square inch. The flanges are to be 
machined and the jointing material is to be impervious 
to oil. Oil pipes within the engine and boiler spaces are 
to be fitted where they can_be readily inspected and 
repaired, and after jointing they are to be tested to 
50lb per square inch, or twice the maximum working 
pressure, whichever is the greater. 


Valves and Cocks 

312 The valves, cocks and their pipe connections 
are to be so arranged that oil cannot be admitted into 
tanks which are not structurally suitable for the carriage 
of oil or into tanks which can be used for the carriage of 
fresh water intended for boiler feed or for drinking. 


813 Every oil fuel suction pipe from a double 
bottom tank is to be fitted with a valve or cock. 


314 Every oil fuel suction pipe from a storage, 
settling and daily service tank situated above the double 
bottom is to be fitted with a valve or cock secured to the 
tank. In the case of fore peak tanks, these valves are to 
be fitted on the tank side of the bulkhead. 

In the engine and boiler spaces, such valves and 
cocks are to be capable of being closed locally and from 
positions which will always be accessible in the event of 
fire taking place in these spaces. Indicators are to be 
provided at the valves and cocks and at the remote 
control positions to show whether they are open or shut. 

In the case of very small tanks consideration will be 
given to the omission of remote controls. 


815 Every oil fuel suction pipe which is led into 
the engine and boiler spaces from a tank situated above 
the double bottom outside these spaces is to be fitted in 
the machinery space with a remote controlled valve, 
except where the valve on the tank is already remote 
controlled. 


316 All valves and cocks forming part of the oil 
fuel installation are to be capable of being controlled 
from readily accessible positions which, in the engine and 
boiler spaces, are to be above the working platform. 
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Valves or cocks are to be interposed between the 
pumps and the suction and discharge pipes, in order that 
any pump may be shut off for opening up and overhauling. 


Oil fuel valves are to be so constructed as to 
prevent the possibility of any cover being slacked back 
or loosened when operating the valves. The valves and 
cocks are to be fitted with legible nameplates. 


817 Where the filling pipes to deep oil tanks are 
not connected to the tanks near the top, they are to be 
provided with non-return valves at the tanks or with 
valves or cocks fitted and controlled as in the case of 
the outlet valves or cocks on these tanks. 


318 Open drains for removing the water from oil 
tanks are to be fitted with cocks or valves of self-closing 
type and suitable provision is to be made for collecting 
the oily discharge. 


Alternative Carriage of Oil Fuel and Water Ballast 


819 Where it is intended to carry oil fuel and 
water ballast in the same compartments alternatively, 
the valves or cocks connecting the suction pipes of 
these compartments with the ballast pump and those 
connecting them with the oil fuel transfer pump are 
to be so arranged that the oil may be pumped from 
any one compartment by the oil fuel pump at the 
same time as the ballast pump is being used on any 
other compartment. 


Where settling or service tanks are fitted, each 
having a capacity sufficient to permit of 12 hours’ 
normal service without replenishment, the above 
requirement may be dispensed with. 


Deep Tanks for the Alternative Carriage of Oil, Water 
Ballast or Dry Cargo 

320 In the case of deep tanks which can be used 
for the carriage of oil fuel, cargo oil, water ballast 
or dry cargo, provision is to be made for blank flanging 
the oil and water ballast filling and suction pipes, also 
the steam heating coils if retained in place, when the 
tank is used for dry cargo and for blank flanging the 
bilge suction pipes when the tanks are used for oil or 
water ballast. 


If the deep tanks are connected to an overflow 
system, the arrangements are to be such that liquid 
or vapour from other tanks cannot enter the deep tanks 
when dry cargo is carried in them. 
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Oily Bilge Drainage and Sediment Suctions 

321 Provision is to be made for the drainage of 
oil gutterways, oil wells and cofferdams. (See D 2024 
to D 2027, quoted at end of this Section.) 


Fresh Water Piping 


322 Pipes in connection with compartments used 
for storing boiler feed water are to be separate and 
distinct from any pipes which may be used for oil or 
oily water, and are not to be led through tanks which 
contain oil, nor are oil pipes to be led through boiler 
feed water tanks. 


Similar precautions are necessary when the con- 
nections are such that fresh water carried in other 
tanks can be used as reserve feed water. 


Service, Settling and other Oil Fuel Tanks 


823 In general, the minimum thickness of the 
plating of these tanks, when they do not form part of 
the structure of the ship, is to be } inch, but in the 
case of very small tanks, the minimum thickness may 
be 4 inch. Adequate stiffening of the plating is to be 
provided where necessary. 


On completion the tanks are to be tested by a 
head of water equal to the maximum to which the 
tanks may be subjected but not less than 8 feet above 
the crown of the tank. 


Water Drainage from Settling Tanks 


324 Settling tanks are to be provided with means 
for draining water from the bottom of the tanks. 


If settling tanks are not provided, the oil fuel 
bunkers or daily service tanks are to be fitted with 
water drains (see 318). 


Ventilation 

325 The spaces in which the oil fuel burning 
appliances, and the oil fuel settling and service tanks 
are fitted, are to be well ventilated and easy of 
access. 


Boiler Insulation and Air Circulation in Boiler Room 

826 The boilers are to be suitably lagged. The 
clearance spaces between the boilers and tops of the 
double bottom tanks and between the boilers and the 
sides of the storage tanks in which oil fuel or cargo oil 
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is carried, are to be adequate for the free circulation of 
air necessary to keep the temperature of the stored oil 
well below its flash point. 


327 Where water tube boilers are installed, there 
should be a space of at least 2 feet 6 inches between 
the tank top and the underside of the pans forming 
the bottom of the combustion spaces. 


828 Smoke-box doors are to be shielded and well 
fitting, and the uptake joints made airtight. 


Funnel Dampers 

329 Dampers which are capable of completely 
closing the gas passages are not to be fitted to inner 
funnels of ships equipped for burning oil fuel only. 
In ships burning oil or coal alternatively, dampers may 
be retained if they are provided with a suitable device 
whereby they may be securely locked in the fully open 
position. 


Steam Heating Arrangements 

330 Where steam is used for heating oil fuel, cargo 
oi] or lubricating oJ, either in bunkers, tanks, heaters 
or separators, the exhaust drains are to discharge the 
condensate into an observation tank in a well lighted 
and accessible position where it can be readily seen 
whether or not it is free from oil (see E 1218). 


381 The steam heating pipes in contact with oil 
are to be of cast or wrought iron or of stee] and are to 
be tested, after being fitted on board, to twice the 
maximum pressure to which they can be subjected. 


332 The working pressure of steel steam heating 
pipes is to be determined from the formula in E 512. 


Control of Pumps 

883 The power supply to the oil fuel transfer and 
unit pressure pumps and to the cargo oil pumps is to 
be capable of being stopped from a position which will 
always be accessible in the event of fire taking place in 
the compartment in which they are situated, as well 
as from the compartment itself. 


Precautions against Fire 

334 Settling and daily service oil fuel tanks and 
oil fuel filters are not to be situated immediately above 
boilers or other highly heated surfaces. 
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335 Oil fuel pressure pipes are to be led, wherever 
practicable, remote from heated surfaces and electrical 
appliances, but where this is impracticable, the pipes 
are to have a minimum number of joints and are to be 
led in well lighted and readily visible positions. 


336 Short sounding pipes to oil fuel tanks are 
not to be situated adjacent to boilers or to electric 
generators or motors. (For alternative sounding arrange- 
ments, see E 414.) 


837 Water service pipes and hoses are to be 
fitted in order that the floor plates.and tank top or 


shell plating in way of boilers, oil fuel apparatus or 


deep storage tanks in the engine and boiler spaces 
can at any time be flushed with sea water. 


888 So far as is practicable the use of wood is 
to be avoided in the engine rooms, boiler rooms and 
tunnels of ships burning oil fuel. 


339 Drip trays are to be fitted at the furnace 
mouths to intercept oil escaping from the burners and 
under all other oil fuel appliances which require to be 
opened up frequently for cleaning or adjustment. The 
arrangements are to be such that-a burner cannot be 
withdrawn unless the oil fuel supply to that burner 
is shut off. 


Separation of Cargo Oils from Oil Fuel 

840 Pipes conveying vegetable oils or similar 
cargo oils are not to be led through oil fuel tanks, 
nor are oil fuel pipes to be led through tanks containing 
these cargo oils. (See D 2105, quoted at end of this 
Section.) 


Oil Drainage in way of Refrigerated Cargo Chambers 


841 The insulation of all oil storage tank tops is 
to have an air space of 2 inches provided between the 
under side of the insulation and the tank top plating 
and the supporting battens are to be arranged to 
provide free drainage to the bilges. As an alternative 
to the air space, approved inodorous material not less 
than 4 inch in thickness may be laid on the tank top 
plating. 


842 A cofferdam is to be fitted separating deep 
tanks intended for the carriage of oil from refrigerated 
compartments unless the tank bulkhead is wholly 
welded including its boundary connections, in which 
case the cofferdam may be omitted and an air space 
of not less than 2 inches arranged between the insulation 
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and the bulkhead plating to provide for free drainage 
from the latter into the oil gutterway and thence to 
the bilges. 


Provision is to be made for ventilating the coffer- 
dam or air space, the vents being led to the open air 
and their outlets being fitted with a wire gauze dia- 
phragm which can easily be removed for renewal. 


Extracts from Chapter D for reference 


Protection and Drainage 


D 2023 Compartments carrying oil are to be 
separated by cofferdams from those carrying fresh 
water; oil fuel compartments are to be similarly 
separated from those carrying vegetable oil. Coffer- 
dams are to be suitably ventilated. 


D 2024 Sparring or lining is to be fitted on the 
bulkheads in holds to prevent leakage of oil coming 
into contact with the cargo. Gutterways are to be 
arranged at the foot of these bulkheads to ensure that 
leakage shall have free drainage to the wells or limbers. 
Gutterways are also to be fitted in boiler spaces. 


D 2025 Where a bulkhead, including its boundary 
connections, is wholly welded, the requirements of 
2024 may be dispensed with, except that a gutterway 
is to be fitted in the boiler room. 


D 2026 Ceiling on the inner bottom, if fitted, is 
to be laid on battens not less than 4 inch in thickness. 
Battens are to be so laid as to permit the drainage of 
oil to the bilges or wells. 


D 2027 Drip trays or gutterways, with suitable 
draining arrangements, are to be provided for all tanks 
which do not form part of the hull structure, at pumps, 
valves and elsewhere where there is a possibility of 
leakage. Drip trays are also to be fitted under oiltight 
decks, except if these are completely welded when the 
drip trays need only be fitted over the boilers. 


D 2028 If cargo or coal is carried in a compart- 
ment adjacent to an oil fuel settling tank which may 
be heated, the compartment side of the bulkhead or 


- deck is to be insulated. 


Vegetable and Similar Oils 

D2105 Deep or peak tanks carrying vegetable 
or similar oils are to be separated from those carrying 
oil fuel or fresh water, by a cofferdam. 
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Section 4 
AIR, OVERFLOW AND SOUNDING PIPES 


Air and Overflow Pipes 

401 Air pipes are to be fitted at the opposite end 
of the tank to that at which the filling pipes are placed 
and/or at the highest part of the tank. 

Where the tank top is of unusual or irregular 
profile special consideration will be given to the number 
and position of the air pipes. 

Nameplates are to be affixed to the upper ends of 
all air pipes. 

402 Air pipes to double bottom tanks, deep 
tanks extending to the shell plating or tanks which 
can be run up from the sea are to be led to above 
the bulkhead deck. 

Air pipes to oil fuel and cargo oil tanks, cofferdams 
and all tanks which can be pumped up are to be led 
to the open. (For height of air pipes above deck, 
see D 2409, quoted at end of this Section.) 


403 The open ends of air pipes to oil fuel and 
cargo oil tanks are to be situated where no danger 
wil] be incurred from issuing oi] or vapour when the 
tank is being filled and each opening is to be furnished 
with a wire gauze diaphragm of incorrodible material 
which can be readily removed for cleaning or renewal. 


404 Air pipes from lubricating oil storage tanks 
may terminate in the machinery space, provided the 
open ends are so situated that issuing oil cannot come 
into contact with electrical equipment or heated surfaces. 


405 The closing appliances fitted to tank air pipes, 
in accordance with D 2410, are to be of a type which 
will prevent excessive pressure coming on the tanks. 


406 In the case of all tanks which can be pumped 
up, either by the ship’s pumps or by shore pumps 
through a filling main, the total cross-sectional area 
of the air pipes to each tank or of the overflow pipes 
where an overflow system is provided, is to be not less 
than 25 per cent greater than the effective area of the 
respective filling pipes. 

In wire gauze diaphragms at air pipe openings, 
the area of the clear opening is to be not less than 
the cross-sectional area required for the pipe. 

Air pipes are to be not less than 2 inches bore. 


407 The arrangement of the overflow system is 
to be such that in the event of any one of the tanks 
being bilged, tanks situated in other watertight com- 
partments of the ship cannot be flooded from the sea 
through the overflow main. 
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Air and overflow pipes are to be arranged to be 
self-draining under normal conditions of trim. 


408 Overflow pipes are to be fitted to oil fuel 
storage, settling and daily service tanks when the 
pressure head corresponding to the height of the air 
pipe is greater than that for which the tanks are suitable 
or when the sectional area of the air pipe is less than 
required by 406. 


The pipe is to be led to an overflow tank of adequate 
capacity or to a storage tank having a space reserved for 
overflow purposes. 


A sight glass is to be provided in the overflow pipe 
to indicate when the tanks are overflowing or, alterna- 
tively, an alarm device is to be provided to give warning 
either when the tanks are overflowing or when the oil 
reaches a predetermined level in the tanks. 


409 Where overflows from tanks which are used 
for the alternative carriage of oil and water ballast 
are connected to an overflow system, arrangements 
are to be made to prevent water ballast overflowing 
into tanks containing oil (see also E 320.) 


410 Air and overflow pipes are to be of steel 
or wrought iron and should have a minimum thickness 
of -19 inch. Pipes slightly less in thickness may be 
accepted, provided they be suitably coated to prevent 
corrosion. Where not in contact with oil fuel or cargo 
oil, suitable protection may be provided by galvanising 
the pipes on completion. 


Where flanged connections are employed, heavy 
flanges with closely spaced bolts are to be fitted. 


Sounding Pipes ' 

411 Provision is to be made for sounding all 
tanks, and the bilges of those compartments which 
are not at all times readily accessible. 


The soundings are to be taken as near the suction 
pipes as practicable. 


412 Sounding pipes, including those for the 
double bottom tanks below the machinery spaces, 
should be led to positions above the bulkhead deck 
which are at all times accessible. 

These pipes should be as straight as practicable, 
and if curved to suit the structure of the ship, the 
curvature must be sufficiently easy to permit the 
ready passage of the sounding rod or chain. 

Nameplates are to be affixed to the upper ends 
of al] sounding pipes. 
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413 In machinery spaces and tunnels where it 
is not always practicable to extend the sounding pipes 
as mentioned in 412, short sounding pipes extending 
to readily accessible positions above the platform may 
be fitted, provided those to oil fuel and lubricating oil 
tanks are not situated adjacent to boilers or electric 
generators or motors, and are fitted with cocks having 
parallel plugs with permanently attached handles so 
loaded that, on being released, they automatically close 
the cocks. 


Short sounding pipes to tanks other than oi] tanks 
are to be fitted with shut-off cocks or with screw caps 


- attached to the pipes by chains. 


414 Tank sounding devices of approved type may 
be used in lieu of sounding pipes. These devices are to 
be tested, after fitting on board, to the satisfaction of 
the Surveyors. 


415 If gauge glasses are used for indicating the 
level of liquid in lubricating oil and oil fuel tanks, the 
glasses are to be of heat-resisting quality adequately 
protected from mechanical damage and fitted with self- 
closing valves at the lower end. 


416 Sounding pipes to oil compartments are not 
to terminate within refrigerated cargo chambers or 
in the fan and battery rooms for these chambers, 
nor are these pipes to terminate in enclosed spaces 
from which access is provided to refrigerated cargo 
chambers or their fan and’ battery rooms, if it be 
practicable to avoid doing so. , 


Where these sounding pipes do terminate in such 
spaces they are to be fitted with self-closing cocks 
having parallel plugs. 


417 Sounding pipes are to be not less than 1} 
inches bore. All sounding pipes, whether for compart- 
ments or tanks, which pass through refrigerated spaces, 
or the insulation thereof, in which the temperatures 
contemplated are 32° F. or below, are to be not less 
than 24 inches bore. 


418 All pipes, including scupper pipes, air pipes 
and sounding pipes which pass through chambers 
intended for the carriage or storage of refrigerated 
produce are to be well insulated. 

Where such pipes pass through chambers intended 
for a temperature of 32° F. or below they are also to be 
insulated from the steel structure except in positions 
where the temperature of the structure is mainly 
controlled by the external temperature and will normally 
be above freezing point. Pipes passing through a deck 
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plate within the ship side insulation, where the deck is 
fully insulated below and has an insulation ribband on 
top, are to be attached to the deck plating. 

In the case of pipes adjacent to the shell plating, 
metallic contact between the pipes and the shell plating 
or frames is to be arranged as far as practicable. 

The air refreshing pipes to and from refrigerated 
compartments need not, however, be insulated from 
the steel work. 


419 Sounding pipes are to be of steel or wrought 
iron and should have a minimum thickness of +17 inch. 
Pipes slightly less in thickness may be accepted, provided 
they be suitably coated to prevent corrosion. Where 
not in contact with oil fuel or cargo oil, suitable pro- 
tection may be provided by galvanising the pipes on 
completion. 

Where flanged connections are employed, heavy 
flanges with closely spaced bolts are to be fitted. 


420 Striking plates of adequate thickness and 
size are to be fitted under open ended sounding pipes. 

When slotted sounding pipes having closed ends 
are employed, the closing plugs are to be of substantial 
construction. 


421 Elbow sounding pipes are not to be used 
for deep tanks unless the elbows and pipes are situated 
within closed cofferdams or within tanks containing 
similar liquids. 

They may, however, be fitted to other tanks and 
may be used for sounding bilges, provided it is not 
practicable to lead them direct to the tanks or com- 
partments. 

The elbows are to be of heavy construction and 
adequately supported. 


422 The internal lengths of short sounding pipes 
are not to be arranged for the escape of air or vapour 
from the tanks into the compartments in which they 
are situated. 


Extract from Chapter D for reference 


Air and Sounding Pipes 

D 2409 The height of air pipes, from upper 
surface of deck to opening, on decks exposed to the 
weather, is to be as follows:— 


On the uppermost continuous deck where the 
draught is the maximum permitted for the dimensions 
of the ship, with the depth D measured to that 
deck Ate sd ny +, 36 inches. 


On raised quarter decks 30 inches. 
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On superstructure decks other than raised quarter 
decks, but including those extending for the full 
length of the ship 18 inches. 


D 2410 Openings of air and sounding pipes are 
to be provided with satisfactory arrangements to 
prevent the free entry of water. 


D 2411 Striking plates of sufficient thickness, or 
their equivalent, are to be fitted under all sounding 
pipes. 


D 2412 In all cargo spaces or coal bunkers, air 
and sounding pipes are to be well protected and in 
coal bunkers the protection is to be of steel. 


Section 5 
PRESSURE PIPES 
Copper Pipes 
501 Pipes made from the electro-deposition of 
copper on a mandril are not to be used. 


502 Pipes are to be carefully annealed on com- 
pletion and prior to testing by hydraulic pressure. 


503 All pipes which are subject to a working 
pressure over 75 lb. per square inch are to be seamless. 


504 Steam pipes intended for a working pressure 
over 180 lb. per square inch are not to be of copper 
when the internal diameter exceeds 5 inches. 


505 Copper pipes are not to be used for a tempera- 
ture above 425° F. 


506 The working pressure to be allowed on copper 
pipes is to be determined by the following formula:— 
Wie G8) XE y= lia +3 
where WP = working pressure, in lb. per square inch, 
which, in the case of feed pipes, is to be 
taken as 1-25 times the boiler pressure, 


d = internal diameter, in inches, 
t = thickness, in 100ths of an inch, 


F = 60 for seamless pipes, 
45 for brazed pipes. 


507 Where copper pipes are bent, they are to 
be made thicker by 1 s.w.c. (approximately -02 inch) 
than required by 506 to provide for thinning at the 
bend. 

In no case is the radius of curvature at the centre 
line of the pipe to be less than twice the external diameter 
of the pipe. 
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Steel Pipes 

508 Steel pipes are to comply with the material 
requirements of P13. For alloy steels particulars of 
chemical composition, deoxidising mediums and opera- 
ting temperature are to be submitted for approval. 
Similar particulars are also to be submitted for carbon 
steel where the proposed operating temperature exceeds 
750° F. The temperature limitations indicated in Table 1 
are maxima for the types of steel listed but are not 
necessarily acceptable for all steels of these types. 


509 Pipes of seamless or other approved type are 
to be used for feed pipes, for pressure pipes conveying 
heated oil and for other pressure pipes where the working 
pressure exceeds 250 Ib. per square inch or the tempera- 
ture exceeds 425° F. 


510 Pipes other than those mentioned in 509 may 
be lap welded provided they are made by an approved 
mechanical process. 


511 Pipes having forge butt welded longitudinal 
seams are not to be used for oil fuel systems, for heating 
coils in oil tanks, or for pressures exceeding 50 lb. per 
square inch. 


512 The thickness of steel pipes intended for 
steam, feed, air, oil fuel and other pressure services is 
to be determined by the following formula and the 
thickness so obtained is suitable for straight pipes and 
pipes which are to be bent. 

The formula does not provide for adverse corrosion 
conditions and steam and feed pipes over 1 inch bore 
intended for use with low pressure boilers (up to 250 lb. 
per square inch working pressure) and any boilers with 
open feed systems are to be made one gauge (about 
-02 inch) thicker than required by the formula. 

The formula also makes provision for a manufac- 
turing tolerance of —15 per cent and where tubes are 
specified to a closer negative tolerance than this figure, 
the rule thickness may, if desired, be reduced to suit 
the specified tolerance. 


Seamless pipes for all pressures and temperatures: 


—_ (“Ss a + 05 ) 1-275 
(For lap welded pipes for pressures up to 250 lb. 
per square inch and temperatures up to 425° F. the 
thickness is to be 50 per cent greater than required 
for seamless pipes). 


Where t = thickness of pipe, in inches, 


WP = working pressure, in lb. per square inch. 
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For feed pipes, WP is to be taken as 1-25 times 
the boiler pressure, or the maximum pressure which 
can be developed in the feed line in normal service, 
whichever is the greater. 


With water tube boiler installations, WP is to be 
taken as the approved boiler pressure for steam pipes 
between the boiler and integral superheater and as the 
pressure to which the superheater safety valves are set 
for the steam pipes leading from the superheater. 
Where the superheater safety valves are controlled by 
pilot valves operated from the saturated steam drum 
then WP for the steam pipes leading from the super- 
heater is to be taken as the boiler pressure. 

Nore.—In installations where the boiler pressure, as controlled by 
the safety valve settings, is less than the approved boiler pressure it 


will be permissible for thicknesses of externa] steam and feed pipes to 
be based on the former, 


D = outside diameter of pipe, in inches, 
= nominal stress in lb. per square inch with the 
following values :— 
For temperatures up to and including 650° F. 
is to be taken as } of the specified minimum tensile 
strength of the pipe material. Values of f are given 
in the first column of Table 1 for representative 
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carbon steels and may be obtained on the foregoing 
basis for any other carbon or low alloy pipe steel 
approved for pressure service. 
For temperatures above 650° F. 

f is to be taken from Table 1 which gives values of ‘a 
for a limited number of pipe steels of approved 
composition in common use for superheated steam 
pipe service. Values of f for other steels will receive 
special consideration. 

Steam temperature is to be taken as the designed 
operating temperature for the pipe line provided the 
temperature at the superheater outlet is closely con- 
trolled. Where temperature fluctuations exceeding 
25° F. above the designed temperature are to be 
expected in normal service the steam temperature for 
use with the Table is to be increased by the amount 
of this excess. 

For intermediate temperatures, values of f may 
be obtained by interpolation. 

Where it is proposed to use, for high temperature 
service, alloy steels other than those stated in the 
Table, particulars of tube sizes, working conditions 
and appropriate British or other national standard 
material specification giving the data required by 508 
are to be submitted for consideration. 


TABLE 1 


manent STEAM PIPES NOMINAL STRESS IN LB. PER SQUARE INCH AT 
Tanalla\ateeneth FOLLOWING STEAM TEMPERATURES IN °F, 
PIPE STEEL Tons —— Ses A. ee 
| 650 700 | 750 800 850 900 950 1000 1050 
| | 23 10300 9800 9200 8400 7600 5000 
| Carbon iv. re muy a Sere See EE a AS 
27 12100 11500 10800 9300 7600 5000 
| | | 
| | 25 / 11200 11200 11200 11000 10800 * 
| $24 Mo. | | 
| 28 12500 12500 12500 | 12400 12100 = * 
25 11200 11200 | 11200 11000 10800 10400 7500 
| $% Or., $% Mo. is 
28 12500 12500 12500 12400 12100 11000 7500 
11% Cr.,4% Mo. ... ... 27 12100 12100 12100 12100 12000 11500 7800 4800 
23% Or,1%Mo. ... 27 12100 12100 12100 12100 12000 11500 8400 6000 4600 
13% Mo.,4%V. ..  ... 31 13900 13900 13900 | 13900 13900 13800 11000 7000 5200 


* $% Mo. material is not recommended for higher temperatures than 850° F. because of its poor rupture ductility. 
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Where the material does not conform to an estab- If backing rings are used with flange type A they 
lished standard, particulars of chemical composition, are to fit closely to the bore of the pipe. The rings 
deoxidising medium, heat treatment, mechanical pro- are to be made of the same material as the pipes or of 
perties and measured or estimated long-term creep good quality mild steel having a sulphur content not 
and rupture data at the proposed operating temperature greater than 0-06 per cent. Flange types C and E are 
are to be submitted for the purpose of assessing a safe unsuitable for pipes under 3 inches bore. 


working stress. Alternative methods of flange attachment and 


other types of pipe joints may be accepted provided 
Steel Pipe Flanges and Branch Pieces details are submitted for special consideration. 

5138 Flanges are to be weldless and of material 
suitable for the working temperature. They may be 
attached to pipes by screwing and expanding or by 
welding. Acceptable methods of attachment are illus- 
trated and Table 3 indicates the pressures and tem- For flange type B, dimension Y is to be taken as 
peratures for which the various types are acceptable. t for carbon steel and 1}t for alloy steel pipes but is 

to be not less than +°; inch. 


For flange types B and C, dimension X is to be 
taken as t for carbon steel and 14t for alloy steel pipes 
but is to be not less than shown in Table 2. 


ti he rule thi f ipe. 
ACCEPTABLE Mrtruops oF ATTACHING FLANGES Se 


To STEEL PIPes 


TABLE 2 
Pipe Bore Dimension X Minimum 
}” and 3” WH 
" 
1” to 14” 20 
2” and over at 
ih tor ¢ Mins TABLE 3 


3 
AY x 
Ig K | Service and Rating 
’ | 
IN Seiict ; 
SUN aT BFE TE Matacic: Feed, Air, Oil Fuel St 
~ Flange and otber fluids irae 
boris Minimum Attachment plac | 
Pressure Ib. Temperature | Pressure lb. | Temperature 
| per sq. in. | °F, | per sq. in. F. 
wa A, B&O All Conditions 
I2t or 4 Min atk ae. geet) xs ty é yy 
D&E 750 | 550 
soe es eg 
F 600 500 | 450 
# orf Minimum G 250 250 500 


514 Where flanges are attached by screwing, the 
pipe and flange are to be screwed with a vanishing 
thread and the diameter of the screwed portion of the 
pipe over the thread must not be appreciably less than 
the outside diameter of the unscrewed pipe. After the 
DETAIL OF WELD GROOVE flange has been screwed hard home the pipe is to be 
expanded into the flange. 


1 1” 
l2t or & Mine 


Nil 


420 E513 - E514 
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The vanishing thread on a pipe is to be not less 
than three pitches in length, and the diameter at the 
root of the thread is to increase uniformly from the 
standard root diameter to the diameter at the top of 
the thread. This may be produced by suitably grinding 
the dies, and the flange should be tapered out to the 
same formation. 


515 When flanges are attached by welding using 
the oxy-acetylene or metal arc process the filler rods 
and electrodes used are to be suitable for the materials 
of the parts to be joined. 


In general oxy-acetylene welding is suitable only 
for flange type A and is not to be applied to pipes 
exceeding 4 inches diameter or % inch thick. 


Preheating is to be employed when necessitated 
by the dimensions and composition of the materials 
to be welded and is to be effected by a method which 
ensures uniformity of temperature at the joint. 
Particulars are to be submitted. 


Where butt welds are employed in the attachment 
of flange type A or in the construction of branch 
pieces, the adjacent pieces are to be matched at the 
bores. This may be effected by drifting, roller ex- 
panding, or machining provided the pipe wall is not 
reduced below the designated thickness. 


Butt welds are to be reinforced externally by 
additional runs of weld metal. All welds in high 
pressure and high temperature pipe lines are to have 
a smooth surface and even contour; if necessary they 
are to be made smooth by grinding. No undercutting 
of the pipe at the edges of the weld is acceptable. 


516 Branches may be attached to pressure pipes 
by means of welding provided the pipe is reinforced 
at the branch by a compensating plate or collar or 
other approved means, or alternatively the thicknesses 
of pipe and branch are to be increased to maintain the 
strength of the pipe. 


These requirements also apply to fabricated branch 
pieces. 


517 The welding procedure proposed for the 
attachment of flanges to pipes and the fabrication of 
branch pieces, whether in carbon or alloy steel, is to 
be approved by the Surveyors in the first instance 
before work is commenced. For this purpose repre- 
sentative specimens of a pipe section with welded-on 
flange or attached branch pipes will be required for 
examination and test. 
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Sections are to be taken from the joints at selected 
positions and are to be macro-etched to ascertain that 
welds are free from cracks, inclusions and cavities. 
In the case of pipes or branch pieces of alloy steel 
mechanical tests and tests to destruction may also be 
required to demonstrate that the joints are of adequate 
strength. Check tests are to be carried out periodically 
at the Surveyor’s discretion. 


518 All welds attaching flanges and branches to 
alloy steel pipes of 3 inches bore and over are to be 
examined to ensure as far as possible that the welds 
are satisfactory. These examinations are to be carried 
out by radiography where practicable or by other 
approved methods. Defects, if found, are to be cut 
out and the seam rewelded and re-examined. 


Heat Treatment of Steel Pipes and Branch Pieces 

519 Carbon steel pipes intended either for pressures 
above 150 Ib. per square inch or temperatures above 
500° F. are to be stress relieved where they have been 
heated for bending the pipe or for any other purpose 
and where the flanges have been attached by metal 
are welding. Where oxy-acetylene welding has been 
employed, the pipes are to be normalised. 


All alloy steel pipes and fabricated branch pieces are 
to be carefully and suitably heat treated under accurate 
temperature control after cold or hot bending, welding 
or other hot work. Stress relieving or normalising 
may be used after metal arc welding, and normalising 
is required after bending and oxy-acetylene welding. 
Other methods of heat treatment will be considered 
on submission of full details. 

Suitable temperatures for heat treatment are given 
in Table 4 and should be maintained for one hour per 
inch of wall thickness. 


TABLE 4 
Temperature limits for 
Material 
Stress Relieving Normalising 
SS 
Carbon Steel | 1150-1250° F. | 
/1700-1760°F. 


4°/ Mo. & 1% Cr., $% Mo. | 1150-1295° F. | 
Steels 
Hydraulic Test Pressures 
520 All main steam and feed pipes are, on com- 
pletion, to be tested by hydraulic pressure to not Jess 
than twice the working pressure as defined in 506 
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and 512. Other pipes are to be similarly tested when 
intended for working pressures above 150 lb. per 
square inch. 


In the case of superheat steam pipes and fabricated 
branch pieces a test pressure (TP) is to be applied so 
that these parts are subjected, under hydraulic test, 
to approximately the same wal] stress as saturated 
steam pipes. The hydraulic test pressure is to be as 
follows, but need not be more than 4,500 lb. per square 
inch. 

fat 650° F. 
f at working temperature 

Where f is obtained from Table 1. 

For the testing of the completed oil fuel pipes and 
heating coil systems after fitting on board see E 309, 
E 311 and E 331. 


TP=2 WP x 


Cast Iron Pipes 
521 Where it is desired to use pressure pipes 
of cast iron, details are to be submitted. 


Section 6 
STEAM PIPE RANGES 


Provision for Expansion 

601 In all steam pipe ranges provision is to be 
made for expansion and contraction to take place 
without unduly straining the pipes. 

Where corrugated pipes are used, particulars are 
to be submitted. 


Drainage 

602 The slope of the pipes and the number and 
position of the drain cocks or valves are to be such 
that water can be efficiently drained from any portion 
of the steam pipe range when the ship is in normal 
trim and is either upright or has a list up to 5 degrees. 


Arrangements are to be made for ready access 
to the drain cocks or valves. 


Pipes in way of Holds 

603 Pipes conveying steam are not to be led 
through spaces which may be used for cargo, except 
with the approval of the Committee. 

If these pipes are led through shaft tunnels, pipe 
tunnels in way of cargo holds or through duct keels, 
they are to be efficiently secured and insulated. 


420t 
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Reduced Pressure Lines 

604 Pipe lines which are situated on the low 
pressure side of reducing valves and which are not 
designed to withstand the full pressure at the source 
of supply are to be fitted with pressure gauges and 
with relief valves having sufficient discharge capacity 
to protect the piping against excessive pressure. 


Valves and Fittings 

605 Valves and fittings intended either for steam 
pressures above 150 lb. per square inch or temperatures 
above 425° F. are to be of steel, carbon or low alloy, or 
other approved material suitable for the working 
temperature. 


Hydraulic Test Pressure 

606 All main steam and feed valves and fittings 
are to be tested by hydraulic pressure to not Jess than 
twice the working pressure as defined in E506 and 
E512. Other valves and fittings are to be similarly 
tested when intended for working pressures above 
150 lb. per square inch. 


For the testing of boiler mountings see J 302 and 
J 1510. 


Steam for Fire Extinguishing in Cargo Holds 

607 Where steam is used for fire extinguishing 
in cargo holds, provision is to be made to prevent 
damage to cargo by leakage of steam or by drip. 


Details of the proposed precautionary measures 
are to be submitted. 


Section 7 


BOILER FEED WATER SYSTEMS 


Feed Pumps 

701 ‘Two separate means of feed are to be provided 
for all main, auxiliary and donkey boilers which are 
required for essential services, with the exception of 
boilers in which steam is generated exclusively by exhaust 
gases or steam, where one means of feed will be accepted 
provided an alternative steam supply is available. 


702 Two or more feed pumps are to be provided 
of sufficient capacity to supply the boilers under full 
load conditions with any one pump out of action. 


E 521-702 
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703 Feed pumps may be worked from the main 
engines or may be independently driven but at least one 
of the pumps required in 702 is to be independently driven. 


704 In twin screw ships in which there is only one 
independent feed pump each main engine is to be fitted 
with a feed pump. Where all the feed pumps are indepen- 
dently driven, the pumps are to be connected to deal with 
the condensate from both engines or from either engine. 


705 Independent feed pumps required for feeding 
the main boilers are to be fitted with automatic regula- 
tors for controlling their output. 


706 Where main-engine driven feed pumps are 
fitted and there is only one independent feed pump, 
a harbour feed pump or an injector is to be fitted to 
provide the second means of feed to the boilers which 
are in use when the main engines are not working. 


707 Feed pumps are to be provided with valves or 
cocks interposed between the pumps and the suction and 
the discharge pipes so that any pump may be opened up 
for overhaul while the others continue in operation. 


Sea Suction 


708 One of the independent feed pumps is to be 
provided with an emergency: suction to the sea, except 
in the cases mentioned in 709. 

Suctions are also to be provided from this pump to 
the hotwell or condenser, unless suitable stand-by con- 
nections have already been provided for this purpose. 


709 ‘The sea suction to a feed pump may be omitted 
if large reserve feed tanks are provided and an evaporator 
of adequate capacity is fitted. 


Reserve Feed Water 

710 All ships fitted with boilers are to be provided 
with storage space for reserve feed water, the structural 
and piping arrangements being such that this water 
cannot be contaminated by oil or oily water. 


General Service Pump 

711 An auxiliary independent feed pump may 
be used for general service, provided it is not connected 
to tanks containing oil fuel or cargo oil or to tanks, 
cofferdams and bilges containing oily water. 


E703 -E 803 


The valves on the suction pipes from the hotwell 
or condenser and the feed drain tank or filter are to be 
of non-return type. 


Filters 

712 Where superheated steam is used in main 
or auxiliary engines of reciprocating type, filters are 
to be fitted to provide for the continuous filtration 
of the boiler feed water. 


713 Where a direct contact heater is supplied with 
exhaust steam from engines of reciprocating type, the 
feed water from the heater is to be led through the filters 
required by 712 or through additional filters arranged to 
provide for continuous filtration. 


Cross-references 


714 For materials, working pressure and test 
pressure of feed pipes, see EK 501 to EH 520. 


For feed water level regulators for water tube 
boilers, see J 1708. 


Section 8 


ENGINE COOLING WATER SYSTEMS 


Main Supply 

801 Provision is to be made for an adequate 
supply of cooling water to the main propelling machinery 
and essentia) auxiliary engines, also to the lubricating 
oil and fresh water coolers where these coolers are 
fitted. The cooling water pump(s) may be worked 
from the engines or be driven independently. 


Alternative Supply 

802 Provision is also to be made for a separate 
emergency supply of cooling water from a suitable 
pump. 


Sea Inlets 

803 Not less than two sea inlets are to be provided 
for the pumps supplying the salt water cooling system, 
one for the main pump and one for the stand-by pump. 
Alternatively, the sea inlets may be connected to a 
suction line available to main and stand-by pumps. 


These inlets are to be low inlets and one of them 
may be the ballast pump or general service pump sea 
inlet. 
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Stand-by Fresh Water Pump 

804 Where fresh water cooling is employed, a 
stand-by fresh water pump need not be fitted if there 
be suitable emergency connections from a salt water 
system. 


Cooling Water Supply to Auxiliaries 

805 Where each auxiliary is fitted with a cooling 
water pump, stand-by means of cooling need not be 
provided. Where, however, a group of auxiliaries is 
supplied with cooling water from a common system, a 
stand-by cooling water pump is to be provided for this 
system. This pump may be a suitable general service 
pump. 


Strainers 

806 Where sea water is used for the direct cooling 
of the main engines and essential auxiliary engines, 
the cooling water suction pipes are to be provided 
with strainers which can be cleaned without interruption 
to the cooling water supply. 


Relief Valves 

807 Cooling water pumps worked from the main 
engines are to be provided with relief valves on the 
pump discharge. 


Section 9 


LUBRICATING OIL SYSTEMS 


Pumps 

901 In ships of unrestricted class in which the 
lubricating oil for the main engines is circulated under 
pressure and the total power exceeds 400 i.h.p. in the 
case of steam reciprocating engines and 350 s.h.p. in 
the case of turbines and internal combustion engines, 
two or more lubricating oi] pumps are to be fitted and 
connected ready for immediate use. 

The pumps are to be of sufficient capacity to 
maintain the supply of oil for normal conditions with 
any one pump out of action. 

Similar provision is to be made where separate 
lubricating oil systems are employed for the operation 
of reverse reduction gears and oil operated couplings. 


Emergency Supply for Main Turbines and Main 
Turbo-Generators 

902 A suitable emergency supply of lubricating 

oil is to be provided. This may be effected by arranging 

for an automatic gravity supply of lubricating oil 
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sufficient to maintain adequate lubrication for not less 
than 3 minutes, and in the case of turbo-generators 
until the unloaded turbine comes to rest from its 
maximum rated running speed. 


An alarm device is also to be arranged to give 
audible warning in the event of the failure of, or an 
appreciable reduction in, the supply of lubricating oil 
from the pump. 


Strainers 

903 Where the Jubricating oil for the main 
propelling engines and for the generator engines in 
electrically propelled ships is circulated under pressure, 
provision is to be made for efficiently straining the 
lubricating oil. 


904 The strainers or filters are to be capable of 
being cleaned without stopping the oil supply to the 
engine. 


905 Where strainers are fitted on the discharge 
side of the lubricating oil pump, a relief valve in close 
circuit is to be fitted between the pump and the 
strainer. 


Drip Trays 

906 In ships built of wood, easily drained metal 
or metal-lined trays are to be fitted to prevent saturation 
of the woodwork by leakage from the engine and its 
filters. 


Lubrication of Bearings 

907 For details of the requirements relating to 
the lubrication of bearings of electric generators and 
motors, see L513 to L515, also M228, M 229 and 
M 1217 to M 1219. 


Section 10 
PIPING FOR PETROL AND PARAFFIN ENGINES 


General 

1001 ‘The arrangements are to comply, in general, 
with requirements for steamers and ships propelled by 
heavy oil engines, in so far as these requirements are 
applicable. 

The special requirements detailed in 1002 to 1015 
are also to be complied with. 


E 804-E 1001 
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Fuel Tank Filling 

1002 Filling stations are to be in the open, 
having permanent filling pipes to all tanks which 
are situated within enclosed spaces. 


Fuel Tank Air Pipes 

1003 All tanks are to be fitted with air pipes 
led to the open in positions where no danger will be 
incurred by escaping gas or liquid. 

The upper ends of the air pipes are to be fitted 
with wire gauze diaphragms of incorrodible material, 
which are to be readily detachable for cleaning. 


Fuel Tank Sounding 

1004 Wherever practicable, the arrangements for 
sounding the tanks are to be such that the quantity 
of fuel in the tanks can be readily ascertained from 
positions in the vicinity of the filling station. 


1005 Gauge glasses are not to be fitted to storage 
or service tanks containing either petrol or paraffin. 


1006 Sounding pipes are to be led to the open 
deck and are not to terminate in an enclosed space. 
Striking plates are to be fitted under all sounding 
pipes, and the sounding rods are-to be of non-ferrous 
material. 


Ventilation 

1007 The engine room and the compartments in 
which the fuel tanks are situated are to be efficiently 
ventilated. 


Drainage 

1008 All separate fuel tanks are to be provided 
with metal trays to prevent any possible leakage from 
the tanks into the bilges. Similar provision is to 
be made for dealing with leakage from filters and 
carburettors. 


1009 Drip trays are to be so arranged that they 
can be readily drained by a hand pump or into a portable 
container through a drain cock. 


1010 In ships built of wood, drip trays are to be 
fitted under the main and auxiliary engines and Jubri- 
cating oil filters and pumps to prevent saturation of 
the woodwork by lubricating oil. 


E 1002 -E 1015 
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Large trays under engines may, however, be replaced 
by small trays fitted under all parts of the engine 
from which leakage of lubricating oil is possible. 


Suitable arrangements are to be made for collecting 
the drainage from the crank case when renewing the 
engine lubricating oil. 


1011 ‘Trays under petrol tanks, carburettors or 
vaporisers and filters are to be covered with wire 
gauze. 


Piping 

1012 All petrol or paraffin fuel pipes are to be 
of annealed seamless copper with flexible bends, and 
the joints are to be conical, metal to metal. 


Where alternative arrangements are desired, details 
are to be submitted. 


The pipes are to be led in positions where they 
are protected from mechanical injury and, as far as 
practicable, they are to be exposed to view throughout 
their length. 


1013 The carburettor or vaporiser and the filters 
are to be provided with shut-off valves or cocks to 
permit of their being opened up for overhaul without 
emptying the connecting pipes. 


1014 Carburettors and vaporisers are to be so 
designed that when the engine is stopped the fuel 
supply is automatically shut off. 


If an overflow is provided in the carburettor or 
vaporiser, a gauze-covered tray, as required by 1008 
to 1011, is to be fitted to prevent the fuel from flowing 
into the bilges. 


Strong metallic gauze diaphragms are to be fitted 
either between the carburettor or vaporiser and the 
cylinders, or at the air inlets. 


1015 The exhaust pipes and silencer are to be 
efficiently water cooled or lagged to prevent damage 
by heat, and if the exhaust is led overboard near the 
load water line, means are to be provided to prevent 
water from being syphoned back to the engine. Special] 
arrangements are to be made for drainage if the exhausts 
are cooled by water spray. 
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Section 11 


PUMPING ARRANGEMENTS FOR SHIPS 
NOT FITTED WITH PROPELLING MACHINERY 


Hand Pumps 

1101 Where auxiliary power is not provided, hand 
pumps are to be fitted in number and position as may 
be required for the efficient drainage of the ship. 

The pumps are to be capable of being worked 
from the upper deck or from positions above the load 
water line which are at all times readily accessible. 

The suction lift is not to exceed 24 feet, and is 
to be well within the capacity of the pump. 


1102 ‘The sizes of the hand pumps are not to be 
less than given in the following table: 


Hand Pumps 


Diameter | Bore of Suction 


Tonnage under Upper Deck of barrel pipe of bucket 
of bucket | pumps and semi- 
| pump rotary pumps 
: econ 5 inches hd Wie _ inches 
Not exceeding 500 tons... 4 2 
Above 500 tons but not 
exceeding 1,000 tons... 4h 2} 
Above 1,000 tons but not 
exceeding 2,000 tons 5 | 24 
Above 2,000 tons ... 5} 24 


Where the ship is closely subdivided into small 
watertight compartments 2 inches bore suctions will 
be accepted. 


Power Pumps 

1103 In ships in which auxiliary power is available 
on board, power pump suctions are to be provided for 
dealing with the drainage of tanks and of the bilges of 
the principal compartments. 


The pumping arrangements are to be as required 
for self-propelled ships in so far as these requirements 
are applicable, duly modified to suit the size and service 
of the ship. 


Details of the pumping arrangements are to be 
submitted for special consideration. 


Fire Extinguishing 

1104 Wherever practicable, a power pump or 
hand pump is to be fitted having a suction from the 
sea and a discharge to deck for fire extinguishing 
purposes. 
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Where oil fuel is used for the generation of power, 
details of the fire extinguishing appliances are to be 
submitted. 


Section 12 


PETROLEUM AND OTHER LIQUID CARGOES 
HAVING A FLASH POINT BELOW 150° F. 


General 
1201 The following requirements are based on 
the assumption that the ships are of normal tanker 
type having the main propelling machinery aft. 
Departures from normal type will require special 
consideration. 


Cargo Oil System 
1202 A complete system of piping and pumps 
is to be fitted for dealing with the cargo oil. 


1203 Cargo pump rooms are to be enclosed by 
oiltight bulkheads and are to have no direct com- 
munication with machinery spaces. 


1204 Pumps for the purpose of filling or emptying 
the cargo oil tanks are to be used exclusively for this 
purpose, except as provided in 1207. They are not 
to have any connections to compartments outside the 
range of cargo oil tanks. 


Cargo oil pumps are to be capable of being 
controlled from outside the pump rooms, as well as 
at the pumps. 


1205 The pumps are to be provided with effective 
escape valves which are to be in close circuit, i.e., 
discharging to the suction side of the pumps. 


1206 Expansion joints or bends are to be provided 
where necessary in the cargo pipe lines. 


1207 Provision is to be made for the bilge drainage 
of the cargo pump rooms by pump or bilge ejector 
suctions. The cargo pumps or cargo stripping pumps 
may be used for this purpose, provided the bilge suctions 
are fitted with screw-down non-return valves and, in 
addition, an isolating valve or cock be fitted on the 
pump connection to the bilge chest. The pump room 
bilges of small tankers may be drained by means of a 
hand pump having a 2 inches bore suction. 


E 1101- E 1207 
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Pump room suctions are not to enter machinery 
spaces. 


1208 Pump rooms are to be provided with ready 
means of access and adequate ventilation. 


1209 Ullage plugs or sighting ports are to be 
provided at each tank to enable the amount of ullage 
to be ascertained. 


Ullage plugs or sighting ports should not be fitted 
in any enclosed space. 


1210 Provision is to be made for the gas freeing 
of the cargo oil tanks when the cargo has been discharged 
and for the ventilation and gas freeing of all compart- 
ments adjacent to cargo oil tanks. 


1211 Vapour pipes are to be fitted to cargo oil 
tanks and connected through shut-off cocks or valves or 
pressure-vacuum valves to a vapour line led up the 
mast or other post to a safe height above the weather 
deck. The outlets from these vapour mains are to be 
provided with readily renewable wire gauze or safety 
heads of approved types. If alternative means of 
dealing with the vapour are desired, details are to be 
submitted. , 


Bilge, Ballast, Oil Fuel and other Piping not within 
the Cargo Oil System 


1212 The pumping arrangements in the machinery 
space and at the forward end of the ship are to comply 
with the requirements for general cargo ships in so far 
as they are applicable and with the special requirements 
detailed in 1213 to 1217. 


1218 A separate power pump is to be fitted in 
a suitable compartment forward: of the cargo tanks 
to deal with bilge drainage, water ballast and oil fuel 
pumping at the fore end of the ship. 


In small tankers, a forward power pump may 
be dispensed with, provided suitable alternative arrange- 
ments are made, details of which are to be submitted. 


1214 Where the after deep cofferdam can be 
filled with water ballast, a ballast pump in the main 
engine room may be used for emptying the cofferdam, 
provided the suction be led direct to the pump and 
not to an engine room pipe system. 


1215 Cofferdams are not to have any connections 
to the cargo oil tanks or cargo oil lines. 


E 1208 - E1222 
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Where intended to be dry compartments only, 
hand pumps or bilge ejector suctions are to be provided. 


Cofferdams are to be provided with sounding pipes 
and with air pipes led to the open. These air pipes 
are to be fitted with wire gauze diaphragms at their 
outlets. 


1216 Bilge, ballast, oil fuel and other piping 
connected to the pumps at the ends of the ship are 
not to pass through the cargo oil tanks or have any 
connection with these tanks. 


Cargo oil pipes are not to pass through ballast 
or oil fuel tanks or through compartments which are 
external to the cargo oil system. 


1217 The oil fuel bunkering system is to be 
entirely separate from the cargo oil system. 


Steam and Exhaust Piping 

1218 Where heating coils are provided in the 
cargo oil tanks they are to be made and fitted under 
the usual conditions of survey and testing. (See E508 
to E 521 and E 601 to E 607.) 


An observation tank is to be provided for the 
heating coil drains and is to be situated in a well 
ventilated and well lighted part of the machinery 
space remote from the boilers. 


1219 Steaming out and fire extinguishing con- 
nections for cargo oil tanks or cargo oil pipe lines are 
to be fitted with valves of non-return type and the main 
supply to these connections is to be fitted with a master 
valve placed in a readily accessible position clear of 
the tanks. 


1220 In the cargo pump rooms, drain pipes from 
steam or exhaust pipes or from the steam cylinders 
of the pumps are to terminate well above the level 
of the bilges. 


Motive Power of Cargo Oil Pumps 

1221 Where the cargo oil pumps are not driven 
by steam, plans of the arrangements for driving the 
pumps are to be submitted. 


1222 Where cargo pumps are driven by shafting 
which passes through a pump room bulkhead or deck, 
gastight glands with efficient means of lubrication 
are to be fitted to the shaft at the pump room plating. 
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Auxiliary Machinery outside Main Engine Room 

1223 Internal combustion engines are not to be 
situated within pump rooms, cofferdams or other 
spaces liable to contain petroleum or other explosive 
vapours. 


(For requirements for electrical equipment within 
such spaces, see M 15.) 


29th January, 1959. 
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Fire Extinguishing Arrangements 

1224 The cargo pump rooms are to be provided 
with a deck operated fire extinguishing system using 
steam, CO, or other suitable medium. 


In addition, two portable foam extinguishers are 
to be provided, one at the pumps and one at the pump 
room entrance. 


E 1223 - E1224 
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FIRE EXTINGUISHING ARRANGEMENTS 


in machinery spaces and cargo oil pump 
rooms (including deck fire main). 


Section 1 
WATER SERVICE AND FIRE PUMPS 


Fire Main and its Connections 


101 In all ships provision is to be made for pumping 
water for fire extinguishing service. 


102 The fire main is not to be of cast iron, and if 
made of iron or steel is to be galvanised. It is to be pro- 
tected from mechanical damage and is not to be led through 
cargo spaces, if it is practicable to avoid doing so. The wash 
deck line may be used as a fire main, provided it complies 
with the requirements of this Section. 


103 A relief valve is to be fitted in the engine room 
on the discharge line from the fire pumps to prevent any 
excessive pressure arising in the fire main. 

The relief valve may be omitted where the maximum 
pump discharge pressure cannot greatly exceed the jet 
operating pressure. 


104 The sizes of the fire main and of its connections 
and fittings are to be sufficient to supply in simultaneous 
operation the fire hoses required by 107. Where the 
machinery is fitted amidships, the discharge line from the 
pumps to the fire main is to be led through a change cock 
(with permanently attached handle) or through two iso- 
lating valves so arranged that the hydrants at both ends 
of the ship may be used either simultaneously or separately. 


105 The hose nozzles used for extinguishing fires other 
than oil fires, are to have a minimum bore of 3 inch. 


106 Hydrants are to be provided with shut-off cocks 
or valves. They are to be arranged so that any part of the 
ship may be reached by a jet of water about 40 feet in 
length through a single length of hose, and so that they 
will be accessible when deck cargo is carried. 


Number of Jets of Water 


107 The number of jets of water, required to be about 
40 feet in length, is to be as follows:— 

In ships of less than 1,000 tons gross ... 1 jet 

In ships of 1,000 tons gross and over 2 jets 


Hoses are to be provided so that the required jet can be 
directed to any part of the ship. Where two jets are 
required these are to be capable of simultaneous operation. 


108 All ships of 1,000 tons gross and over which use 
oil as fuel, are to be provided with two fire hydrants in the 
machinery spaces, one port and one starboard, complete 
with hoses having nozzles suitable for spraying water on 
oil. In ships less than 1,000 tons gross one such hydrant 
is to be provided. r 


The hoses are to be of sufficient lengths to permit an 
effective spray of water to reach any part of the engine or 
boiler rooms which contain oil fuel tanks or appliances. 


Fire Pumps 


109 In ships less than 150 tons gross, one power 
pump is to be available for fire extinguishing service. If 
the ship has a restricted class for harbour or river service 
a suitable hand’ pump may be substituted for the power 
pump. 


110 In ships of 150 tons gross and over, but less than 
1,000 tons gross, not less than two power pumps are to be 
provided, one of which is to be an independent pump. 


111 In ships of 1,000 tons gross and over, not less 
than two independent power pumps are to be provided. 


112 Fire pumps may be engine room general service 
pumps or ballast pumps, provided they are arranged to 
prevent oil being discharged accidentally into the fire 
extinguishing system. 


113 Each fire pump is to be capable of maintaining, 
at the hose nozzles, the 40 foot jets of water required 
by 107. 


114 If in ships of 1,000 tons gross and over, which 
burn oil as fuel, a fire in any one compartment could put 
all the fire pumps out of action, alternative means for 
extinguishing the fire are to be provided either by emer- 
gency fire pumps driven by compression ignition oil engines, 
or by other approved fire extinguishing system. 


F 101-F 114 
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FIRE EXTINGUISHING EQUIPMENT IN 
MACHINERY SPACES OF OIL BURNING 
STEAMSHIPS AND MOTORSHIPS 


Section 2 
General Requirements 


201 The machinery spaces are to be provided with 
the fire hydrants and hoses required by F 108. 


202 Provision is to be made for stopping from 
positions outside the machinery spaces, ventilating fans 
for these compartments, also other fans or blowers situated 
within the compartments, and for closing as far as practic- 
able all openings to the machinery spaces. 


The engine room skylights are to be capable of being 
shut from deck or from a safe position outside the 
machinery space. 


Cross-references 


203 For other precautionary arrangements relating 
to oil leakage and outbreaks of fire see:— 


D 2024-2025, D 2027, and E309, E 314-318, 
E 326-329, E 333-339, E 403-405, E 407, E 413-414. 


Section 3 


Oil Burning Steamships 
301 There is to be provided at each firing platform :— 


(a) A bin containing not less than 10 cubic feet of 
sand, sawdust impregnated with soda, or other 
dry material suitable for extinguishing oil fires. 
Scoops are to be provided at each bin. 


(6) Not less than two portable fire extinguishers. 


302 In addition, a froth extinguisher of 10 gallons 
capacity, or equivalent, is to be provided in each boiler 
room in which the number of burners exceeds four. Where 
the number of burners in a boiler room is four or less, 
the 10 gallon extinguisher may be replaced by one portable 
fire extinguisher of 2 gallons capacity, or its equivalent, 
for each burner. 

The number and position of the portable extinguishers 
are to be such that not less than two extinguishers are 
situated within any compartment containing settling tanks 
or the whole or part of the oil fuel installation. 


303 In boiler rooms and in any space in which oil fuel 
units or settling tanks are situated, a fire extinguishing 
apparatus is to be provided which can be controlled from 
outside these compartments, at positions which are easily 
accessible and which would not readily be cut off by 
an outbreak of fire in any of the above-mentioned 
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compartments. If the engine and boiler rooms are not 
entirely separate and oil fuel can drain from one compartment 
to the other, these spaces shall be considered as one 
compartment. 

The apparatus is to be capable of discharging rapidly, 
through a permanent piping system, a fire extinguishing 
medium which is to be either froth, co, or steam. 


Froth Apparatus 

304 The froth apparatus is to be capable of dis- 
charging froth to a depth of 6 inches over the largest area 
on which oil fuel is liable to spread in the event of a leakage 
of oil fuel. 

Where the boilers are situated in an upper part of the 
machinery space, the above requirement applies also to 
the flat on which the boilers are situated. 


305 Where the upper parts of the machinery spaces 
contain oil fuel tanks and appliances, additional fire pro- 
tection is to be provided by fitting a froth extinguisher of 
10 gallons capacity, or a CO, extinguisher of 35 lb. capa- 
city, having a hose on reel capable of reaching any surface 
of the upper machinery space on which escaping oil would 
be liable to fall. 


CO, Apparatus 

306 The co, fire extinguishing apparatus is to be 
capable of discharging gas in sufficient quantity to give a 
minimum volume of free CO. equal to 30 per cent of the 
gross volume. of the largest space measured to the top of 
the boilers. The volume of the gas is to be taken as 9 cubic 
feet per pound of liquefied CO,. 

If the upper parts of the machinery spaces contain 
oil fuel tanks and appliances, it will be necessary to supply, 
in addition, the 10 gallon froth extinguisher or the 35 lb. 
co, extinguisher required by 305. 

307 If the CO. is supplied in sufficient quantity to 
give a minimum volume of free CO, equal to 30 per cent 
of the gross volume of the largest space measured to the 
top of the casing of the compartment and the gas is dis- 
charged into the upper part of the space as well as into 
the lower part, the 10 gallon froth extinguisher or the 
35 , lb. co. extinguisher required by 306 need not be 
provided, — 


308 Where CO, is used as the fire extinguishing 
medium in cargo holds as well as in machinery spaces, the 
total quantity of CO, need not exceed that required for 
the largest compartment protected in this way, whether 
cargo or machinery space. 


309 The CO, fire extinguishing system is to be pro- 
vided with an automatic audible alarm to operate when 
the CO, is about to be injected into the machinery space 
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or other working space. The arrangement of controls for 
the CO. apparatus is to be such that the apparatus may 
be operated only at the control station(s). 


Steam Apparatus 


310 Where steam is used as the fire extinguishing 
medium, it is to be led to pipes perforated for the emission 
of steam into the lower parts of the compartments. Where 
the boilers are situated in an upper part of the machinery 
space, the above requirement applies also to the flat on 
which the boilers are situated. 

Steam for the apparatus is to be available in sufficient 
quantity from all boilers. 

The perforated pipes are to be fitted not less than 
6 inches above the tank top and bilges to avoid immersion 
in an accumulation of bilge water. If the pipes are of steel 
they are to be galvanised internally and externally. They 
are to be arranged to be self-draining. If the steam for 
the fire extinguishing system is obtained exclusively from 
water tube boiler(s), a 30 gallon froth extinguisher or a 
100 Ib. CO, extinguisher is also to be provided. 

Steam used for fire extinguishing purposes is not to 
be obtained from a supply of superheated steam. 


Steamships having Auxiliary Oil Engines 


311 In oil burning steamships where oil engines are 
installed as the main source of auxiliary power, two portable 
extinguishers additional to the above requirements are to 
be provided ; otherwise, no additional equipment will be 
required. 


In coal burning steamships fitted with auxiliary oil 
engines the fire extinguishing arrangements are to be sub- 
mitted for consideration. 


Section 4 


Motorships not fitted with Boilers 


401 The following extinguishers are to be provided 
in the machinery space :— 


Number of Extinguishers 
B.H.P. of Main Engines in 

one Engine Room 10 gallon 

Portable capacity or 

equivalent 
Not exceeding 500 2 — 
501 to 1,000 inclusive .. 2 1 
1,001 to 2,000 _,, 3 2 
2,001 to 3,000 _,, 4 2 
| 3,001 to 4,000 __,, 5 2 
Exceeding 4,000 6 2 


Chapter F 


The number and position of the extinguishers are, 
however, to be such that not less than two extinguishers 
are to be provided in each machinery space containing oil 
fuel tanks or appliances. 


402 In motorships having more than one engine 
room, the requirements of 401 are to be applied to each 
engine room. 


If a separate engine room is provided for auxiliary oil 
engines, the b.h.p. is to be taken as the total power of 
these engines. 


Motorships Fitted with Oil Fired Boilers 


403 In addition to the requirements of 40] and 402, 
the requirements of Section 3 are to be complied with so 
far as they are applicable, but the total number of 10 gallon 
extinguishers need not exceed two in any one machinery 
space. 


In motorships in which the oil fired boiler installation 
consists of a vertical boiler situated in the open engine 
room, the externally controlled fire extinguishing apparatus 
required by F303, may be replaced by a froth extinguisher 
capable of providing not less than 6 inches of froth over 
the entire area of the oiltight tray or flat situated under 
the boiler. This tray is to be of adequate dimensions to 
ensure the collection of any escaping oil in the vicinity of 
the boiler. 


Section 5 
FIRE EXTINGUISHERS 


501 The extinguishers required for use in. the 
machinery spaces of ships burning oil as fuel are to be of a 
type discharging froth, co, or other approved medium 
suitable for extinguishing oil fires. 

Portable extinguishers are to have a minimum 
capacity of 2 gallons or equivalent and a maximum 
capacity of 3 gallons or equivalent. 

The extinguisher capacities mentioned in these Rules 
refer to the quantity of fluid contained in the extinguishers. 


502 Portable extinguishers are to be fitted in readily 
accessible positions and a notice plate is to be provided 
stating that on no account are discharged extinguishers to 
be replaced in their holders until they have been replenished. 

One extinguisher is to be fitted in the vicinity of the 
entrance door to the space in which it is intended to be used. 


F 310 - F 502 
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503 A spare charge is to be provided for each portable 
fire extinguisher which can be readily re-charged on board. 
If this cannot be done, duplicate extinguishers are to be 
provided. 


504 The makers of portable and fixed fire extinguish- 
ing appliances are to furnish a certificate stating the nature 
and quantity of the fire extinguishing medium. In the 
case of fixed froth or gas fire extinguishing systems the 
makers are to state whether the quantity supplied is 
adequate to give the required depth of froth or gas con- 
centration. 

If considered necessary, the Committee may require 
the makers to produce evidence from a recognised inde- 
pendent testing authority regarding the suitability of 
their appliances. 


Acceptable Equivalents 


505 30 gal. froth extinguisher—100 lb. co, extinguisher 
10 gal. froth $3 — 35 |b. co, m 
Portable froth __,, — 10|b. co, - 


14th March, 1957. 
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Cross-reference 


506 For Fire Extinguishing requirements for pump 
rooms of Petroleum Tankers see E 1224. 


Section 6 
EQUIVALENT ARRANGEMENTS 


601 Arrangements and appliances which differ from 
those mentioned in the foregoing requirements may be 
accepted, provided full details are submitted, as early as 
practicable, for the consideration of the Committee and 
are found to be equivalent to the Society’s requirements. 


Alternative Arrangements 


602 Where fire extinguishing arrangements and 
equipment are controlled by the law of the country in 
which the ship is registered then the relevant statutory 
requirements may be accepted as alternatives to the 
requirements of this section. 


Chapter G 


CONDITIONS FOR SURVEY OF MACHINERY 
DURING CONSTRUCTION 


Section 1 


101 The materials used in the construction of 
the machinery, boilers and pressure vessels are to 
comply with the requirements of Chapter P. Materials, 
for which provision is not made in Chapter P, may 
be accepted after compliance with such tests as may be 
imposed, under specifications to be approved before the 
materials are ordered and construction is commenced. 


The machinery, boilers and pressure vessels are to 
be inspected throughout, the boilers and _ pressure 
vessels tested by hydraulic pressure, and the machinery 
tested under full power working conditions by the 
Society’s Engineer Surveyors, who will furnish a report 
to the Committee. If found satisfactory, the Committee 
will thereupon grant a certificate, and insert in the 
Register Book the appropriate class notation, as set 
forth in Chapter B, indicating that the machinery, 
boilers and pressure vessels are certified to have been 
in good order and safe working condition on that date. 


102 In cases of machinery which has been built 
under Special Survey, the distinguishing mark *F will 
be inserted before the appropriate class notation, as 
set forth in Chapter B. 


103 In ships built under Special Survey, the 
following items of machinery are also to be constructed 
under Special Survey :— 


The main and auxiliary engines and boilers, super- 
heaters, economisers (including press boilers and similar 
apparatus for floating whale-oil factories), steering 
engines, air receivers, air compressors, scavenge blowers 
and superchargers, oil fuel burning units, feed pumps, 
circulating and cooling water pumps, fire and_ bilge 
pumps, air pumps, ballast and oil fuel transfer pumps, 
water extraction pumps, lubricating oil pumps, fuel 
valve cooling pumps for heavy oil engines, forced and 
induced draught fans, evaporators, distiller units, feed 
water heaters and pressure filters where the foregoing 
are intended for essential services and domestic boilers 
intended for working pressures exceeding 50 Ib. per 
square inch and having heating surfaces greater than 
50 square feet. 


104 In order to facilitate the inspection, plans in 
triplicate of the following items, together with the 


29th January, 1959. 


necessary particulars of the machinery, including the 
maximum power and the revolutions per minute, are 
to be submitted for consideration before the work is 
commenced :— 
Boilers, superheaters and economisers. 
Air receivers. 
Crank, thrust, intermediate and screw shafting. 
Clutch, reversing gear with methods of control and 
flexible coupling. 
Reduction gearing. (See also H 503.) 
Propeller (including spare propeller if supplied). 
General arrangement of shafting showing relative 
positions of the main engines, flywheel, flexible 
coupling, gearing, thrust block, line shafting and 
bearings, stern tube, ““A”’ bracket and propeller, 


whichever are applicable. 

NotrEes—Plans additional to the above should not be submitted 
umess the machinery is of a novel or special character affecting 
classification. 

For Plans of Pumping and Piping required to be submitted, 
see BE 101. 

105 Where it is proposed to depart from the 
requirements of the Rules, the Committee will be 
prepared to give consideration to the circumstances 


of any special case. 


106 Any novelty in the construction of the 
machinery, boilers or pressure vessels is to be reported 
to the Committee. 


107 The Surveyors are to examine the materials 
and workmanship from the commencement of the 
work until the final test of the machinery under full 
power working conditions; any defects, etc., are to be 
pointed out as early as possible. 


108 The Surveyors may also, if requested, com- 
pare the work as it progresses with the requirements 
of the specification agreed upon by the parties concerned, 
and certify to the conditions thereof, as far as can be 
seen, being satisfactorily complied with. 


109 The machinery and boilers are to be securely 
fixed to the ship’s structure to the satisfaction of the 
Surveyor. The bed plates, gear cases, thrust blocks 
and boiler fastenings are to be of robust construction. 


110 For conditions relating to the survey during 
construction of Electric Propelling Machinery, Elec- 
trical Equipment and Refrigerating Machinery and 
Appliances, see L1 and L 2, M1 and N 1 respectively. 
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STEAM ENGINES, INTERNAL COMBUSTION ENGINES, 
REDUCTION GEARING AND AUXILIARY MACHINERY, 
STRENGTHENING FOR NAVIGATION IN ICE. 


Section 1 
GENERAL REQUIREMENTS FOR SHAFTING 


Materials for Shafts 

101 
iron bars piled, or scrap wrought iron, and they may be 
wrought by hammer, press, or where in straight lengths, by 
rolling mill. 

102 If scrap is used it must be of uniform quality and 
be thoroughly cleansed. A mixture of iron and steel scrap 
is not permitted in any case. 


Shafts may be forged from ingot steel, wrought 


103 Where ingot steel is used for shafts it is to comply 
generally with the requirements of P 10. 


104 Where ingot steel shafts are made by rolling and 
the couplings are formed from the shafts by upsetting, the 
test pieces may be cut from the outer edges of the couplings. 


Materials for Couplings 

105 Couplings of wrought iron shafts may be welded 
to the body of the shaft, but those of ingot steel shafts are 
to be forged from the solid or by upsetting the ends by 
hydraulic pressure. 

106 Couplings, where separate from the shaft, may be 
forged from ingot steel or wrought iron; or they may be 
steel castings. 


Materials for Crank Shaft Webs 

107. Webs of built crank shafts may be forged or rolled 
from ingot steel or wrought iron; or they may be steel 
castings. 

108 The material of rolled or forged steel webs is to 
comply with the requirements of P 10. The test pieces are 
to be taken crosswise from the webs as rolled or forged. 

109 The material of cast steel webs is to comply with 
the requirements of P 9. 


Inspection 
110 All shafts are to be turned all over and are to be 
examined when rough turned and when finished. 
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Alignment Gauges 

111 All auxiliary heavy oil engines 
exceeding 300 b.h.p. and all main steam reciprocating 
engines are to be provided with alignment gauges which 
may be either a bridge gauge or a micrometer clock gauge 
for use between the crank webs. 


main and 


Only one micrometer clock gauge, suitable for all the 
engines, need be supplied for each ship. 


Main and auxiliary steam turbines are to be provided 
with gauges of an approved type for testing the alignment 
of the rotor, pinion and gear wheel shafts. 


Wear down gauges and turbine alignment gauges 
should be adjusted in the presence of the Surveyor. 


Section 2 
STEAM RECIPROCATING ENGINES 


Dimensions of Shafts 

201 The crank, intermediate and other shafts, if of 
ordinary mild steel having a tensile breaking strength of 
28-32 tons per square inch, are to be of not less diameters 
than those given by the following formule. 


The formule do not, however, take into consideration 
the possibility of severe torsional vibration stresses arising 
in the shafting. Where engines have cylinders of uniform 
diameter and in other types of engines where experience 
indicates that serious critical speeds might occur within or 
near the range of working speeds, calculations of the 
torsional vibration characteristics, including 1-node natural 
frequency tables, for the complete shafting system, are to be 
submitted for consideration together with plans of all 
shafting and of the propeller. 

Similar calculations are to be submitted for the system 
including the spare propeller, if supplied, where its design 
differs from that of the working propeller. 

These calculations are not required to be submitted for 
engines other than these special cases; they may, however, 
be submitted voluntarily, if desired. 
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The Committee will accept intermediate shafts with 
a diameter 5 per cent less than required by the Rule 
formule, in all cases where calculations confirm that the 
shafting systems are free from excessive vibration stress or 
would be satisfactory with a barred speed range. 


This 5 per cent reduction in diameter will be limited 
to the intermediate shafts only and will not be applicable 
to the sizes of couplings and their bolts. 


Where serious critical speeds are found by calculation 
to occur within the range of working speeds, the Committee 
may require torsiograph records to be taken from the 
machinery, for the purpose of verifying the calculations 
and may impose a restriction on continuous running at 
speeds where the stresses are considered to be excessive. 


202 Where shafts are proposed to be made of high 
tensile steel, their sizes, together with the material specifica- 
tion, should be submitted for special consideration. 


Intermediate Shaft 


203 The diameter of the intermediate shaft is not to 
be less than that given by the following formula :— 


Diameter of intermediate | _ s/ D* x S x WP 
shaft, in inches Gan G Ce a 2) 


where WP = working pressure at the boiler outlet, in 
lb. per square inch. 


Notr.—The working pressure at the boiler outlet is the pressure 
as controlled by boiler or superheater safety valves and as defined in 
E 512, 

D = diameter of the low pressure cylinder, in 
inches, or the equivalent diameter where 
two or more low pressure cylinders are 
fitted, 


H = diameter of the high pressure cylinder, 
in inches, 
S = length of stroke, in inches. 


C is a coefficient given in the following 
Table :— 


Compound, triple or 
quadruple expansion 
reciprocating engines 


Values of C 


2 cranks at 90° ... ... 1900 
2 cranks at 180° ...  .:. 1350 
8 cranks at 120° ... ... 2150 
4 cranks balanced... ... 2150 
4 cranks at 90°... a. 2100 


Note: The rule diameter of the intermediate shaft may be re- 
duced by 3°5 per cent for ships classed exclusively for smooth water 
service and by 1°75 per cent for ships classed exclusively for service 
on the Great Lakes. 
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For the diameter of the intermediate shafting of steam 
reciprocating engines combined with exhaust steam turbines, 


see H 304. 


Crank Shaft 


204 The diameter of the crank shaft is not to be less 
than 1-05 times that required for the intermediate shaft as 
determined by 203. 


Crank Webs of Solid Forged Shafts 

205 In solid forged shafts the breadth of the webs 
should not be less than 1-33 times and the thickness not less 
than -56 times the diameter required for the crank shaft 
or, if these proportions are departed from, the webs are to be 
of equivalent strength. 


Crank Webs of Built Shafts 


206 The dimensions of the crank webs of built shafts 
should not be less than those given by the following 


formule :— 
h = ‘625 x d 


“12 x d' 
t= ih 


where h = thickness of the web, measured parallel to 
the axis, in inches or millimetres, 


t =thickness of metal around the eyeholes, 
measured radially, in inches or milli- 
metres, 


= diameter required for the crank shaft, in 
inches or millimetres. 


If these proportions are departed from, the webs are to 
be of equivalent strength. 


207 Reference marks are to be provided on the outer 
junction of the crank webs with the journals and crank pins. 


Shrinkage Allowance 


208 Crank webs are to be securely shrunk on the 
journals and crank pins. If dowels are not fitted at the 
junction of the journals and webs, the yield point of the 
material of the webs is to be not less than 14 tons per 
square inch, and the shrinkage allowance is to be between 
si) and +)» of the diameter of the shaft. 


Fillets and Oil Holes 


209 Fillets at the junctions of crank webs with crank 
pins or journals, where these are formed as solid forgings 
or castings, are to be machined to a smooth radius. 

Oil holes at the surfaces of crank pins and journals are 
to be rounded to an even contour with a smooth finish. 


MAIN AND AUXILIARY ENGINES AND GEARING 


Thrust Shaft 

210 The diameter at the collars of the thrust shaft 
transmitting torque is not to be less than 1-05 times that 
required for the intermediate shaft as determined by 203; 
outside the collars the diameter may be tapered down to 
that required for the intermediate shaft. 


Tube Shaft 

211 The diameter of the tube shaft which passes 
through the stern tube but does not carry the propeller, is 
not to be less than 1-05 times that required for the inter- 
mediate shaft as determined by 203, and any part of the 
shaft within the tube which may be exposed to sea water is 
not to be less than 1-075 times the diameter required for 
the intermediate shaft as determined by 203. 


Screw Shaft 

212 The diameter of the screw shaft carrying the 
propeller is not to be less than that given by the following 
formula :— 
p 
S 
where Gd = diameter required for the intermediate 

shaft, in inches, as determined by 203, 


Diameter of screw shaft, in inches = d + 


P = diameter of the propeller, in inches, 


C = 144 when the shaft is fitted with a con- 
tinuous liner, 


100 when the shaft is not fitted with a 
continuous liner. 


213 Screw shafts which run in stern tubes may have 
the end forward of the stern gland tapered down to a 
diameter, at the coupling flange, of 1-05 times that required 
for the intermediate shaft. 


Hollow Shafts 

214 Where the thrust, intermediate, tube and screw 
shafts have central holes, the dimensions of the shafts as 
determined by the foregoing formule need not be increased, 
provided the diameter of the central hole in a shaft does 
not exceed one-third of the shaft diameter. 


Bronze Liners on Shafts 

215 The thickness of liners fitted on screw shafts or 
on tube shafts, in way of the bushes, is not to be less, when 
new, than that given by the following formula:— 
d + 9°25 


c= 


where t = thickness of the liners, in inches, 


d = diameter required for the screw or tube 
shaft under the liner, in inches. 
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216 The thickness of a continuous liner between the 
bushes is not to be less than -75t. 


217 Continuous liners should be cast in one piece or, 
if made of two or more lengths, the junctions of the separate 
pieces are to be made by fusion through the whole thickness 
of the liner. 


218 Liners are to be carefully shrunk on, or forced on 
to the shafts by hydraulic pressure. Pins are not to be used 
to secure the liners. 


219 If the liner does not fit tightly between the 
bearings in the stern tube, the space between the shaft and 
the liner is to be charged or forced with a plastic material 
insoluble in water and non-corrosive. 


220 Effective means are to be provided for preventing 
water from having access to the shaft at the part between 
the after end of the liner and the propeller boss. 


Stern Bush 

221 ‘The length of the bearing in the stern bush next 
to and supporting tbe propeller is not to be less than four 
times the diameter required by Rule for the screw shaft 
under the liner. 


Coupling Bolts 

222 With coupling bolts of ordinary mild steel having 
a minimum tensile strength of 28 tons per square inch, the 
diameter of the bolts at the joining faces of the couplings is 
not to be less than that given by the following formula:— 


=,/ d° 


Bdxnxer 

where d = diameter, in inches or millimetres, required 

for the intermediate shaft, as determined 

by H 203, H 303 or H 304, whichever is 
applicable, 


Diameter of coupling bolts, | 
in inches or millimetres \ 


nN = number of bolts in the coupling, 


r=radius of the pitch circle of the bolts, 
in inches or millimetres. 


Couplings 

223 The thickness of the coupling flanges at the pitch 
cirele of the bolt holes is not to be less than the diameter 
of the coupling bolts at the face of the coupling as deter- 
mined by 221. The thickness of the screw shaft coupling 
flange is not to be less than -25 of the diameter required for 
the intermediate shaft as determined by H 203, H 303 or 
H 304, whichever is applicable. 


224 The fillet radii at the base of flanges should not 
be less than -125 of the diameter of the shaft. 


H 210 -H 224 
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225 Where couplings are separate from the shafts 
provision is to be made to resist the astern pull. 


Bronze propellers 


226 Where bronze is used for propellers or propeller 
blades, it is to comply with the requirements of P 14. 


Section 3 
TURBINES AND PROPELLING MOTORS 


Dimensions of Shafts 


301 The intermediate and other shafts, if of ordinary 
mild steel having a tensile breaking strength of 28-32 tons 
per square inch, are to be of not less diameters than those 
given by the following formule. 


The formule do not, however, take into consideration 
the possibility of torsional vibration arising in the shafting 
and gearing. 

With turbine engines situated aft, calculations of the 
torsional vibration characteristics for the dynamic system 
formed by the turbine, gearing, line shafting and propeller 
are to be submitted for consideration together with plans 
of all shafting and propeller and details of power developed 
by individual turbines throughout the speed range. 


Similar calculations are to be submitted for the system 
including the spare propeller, if supplied, where its design 
differs from that of the working propeller. 


Where serious critical speeds are found by calculation 
to occur within the range of working speeds the Committee 
may require torsiograph records to be taken from the 
machinery for the purpose of verifying the calculations 
and may impose a restriction on continuous running at 
speeds where the vibration torques, as evidenced by tooth 
separation and gear hammer, are considered to be excessive. 


302 Where shafts are proposed to be made of high 
tensile steel, their sizes, together with the material specifi- 
cation, should be submitted for special consideration. 


Steam Turbines and Electric Propelling Motors 
303 The diameter of the intermediate shaft is not to 
be less than that given by the following formula :— 


Diameter of intermediate | — 3 /SEP 
shaft, in inches Pig 2. a 


where SEP = maximum designed shaft horse power, 


R= revolutions per minute at maximum 
power. 


H 225 - H 308 


Steam Reciprocating Engines combined with Exhaust 
Steam Turbines 


304 Where steam reciprocating engines are combined 
with exhaust steam turbines by means of mechanical gearing 
the diameter of the intermediate shaft is not to be less than 
that given by the following formula:— 

Diameter of intermediate tei 3 / SEP 

shaft, in inches L satnemeehe if R 
where SEP = maximum combined shaft horse power 
at the intermediate shaft, 


R= revolutions per minute at maximum 
power. 
Note:: The s.h.p. of a reciprocating engine may be taken as 90 per 
cent of the indicated horse power. 
The diameter of the straight shafting should in no case 
be less than required for the reciprocating engine when 
working without a turbine. 


The sizes of thrust, tube and screw shafts are to be 
determined by H 210 to H 213 or by 307 to 310 whichever 
are the greater. 


Nore: The rule diameter of the intermediate shaft as determined by 
303 or 304 may be reduced by 3°5 per cent for ships classed exclusively 
for smooth water service and by 1°75 per cent for ships classed exclusively 
for service on the Great Lakes. 


Wheel Shafts of Geared Steam Turbines 


305 Where there are two pinions geared into the 
wheel, opposite, or nearly opposite, to one another, the 
diameter of the wheel shaft is not to be less than 1-1 times 
that required for the intermediate shaft. 


306 Where there is only one pinion geared into the 
wheel, or where there are two pinions which are set to 
subtend an angle at the centre of the shaft of less than 
120 degrees, the diameter of the shaft at the wheel and the 
adjacent journals is not to be less than 1-16 times that 
required for the intermediate shaft. Abaft the journals the 
shaft may be gradually tapered down to the diameter required 
for the intermediate shaft. 


Thrust Shaft 

307 The diameter at the collars of the thrust shaft 
transmitting torque is not to be less than 1-1 times that 
required for the intermediate shaft; outside the collars the 
diameter may be tapered down to that required for the 
intermediate shaft. 


Tube Shaft 

308 The diameter of the tube shaft (i.e. the shaft 
which passes through the stern tube but does not carry the 
propeller) is not to be less than 1-05 times that required for 
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the intermediate shaft, and any part of the shaft within or 
without the tube which may be exposed to sea water is not 
to be less than 1-075 times that required for the inter- 
mediate shaft. 


Screw Shaft 


309 The diameter of the screw shaft carrying the 
propeller is not to be less than that given by the following 
formula :— 


Diameter of screw shaft, in inches = 1-05 d + _ 


where d = diameter required for the intermediate 
shaft, in inches, 


P = diameter of the propeller, in inches, 


C = 144 when the shaft is fitted with a con- 
tinuous liner, 


100 when the shaft is not fitted with a 
continuous liner. 


310 Screw shafts which run in stern tubes may have 
the end forward of the stern gland tapered down to a 
diameter, at the coupling flange, of 1-05 times that required 
for the intermediate shaft. 


Cross-references 


311 For requirements for hollow shafts, shaft liners, 
stern bush, coupling bolts, couplings and propellers see H 214 
to H 226. 


Section 4 


GENERAL REQUIREMENTS FOR STEAM ENGINES 


Steam Reciprocating Engines 


401 Explosion relief devices are to be fitted to the 
crank cases of enclosed forced lubricated steam reciproca- 
ting engines where the crank case volume is 20 cubic feet 
and over. The arrangement and sizes of the relief devices 
are to comply with the requirements of H 712 to H 715 
where applicable. 
A717: 


There is also to be compliance with 


402 Auxiliary steam engines intended for driving 
electric generators are to be fitted with governors which, 
with fixed setting, are to control the speed within the 
following limits :— 


10 per cent momentary variation and 6 per cent 
permanent variation in speed when full load 
suddenly taken off or put on. 


is 
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Steam Turbines 

403 In single screw ships fitted with steam turbines 
the arrangements are to be such that steam can be led direct 
to the L.P. turbine and either the H.P. or I.P. turbine can 
exhaust direct to the condenser. 


404 Sufficient astern power is to be provided to main- 
tain adequate control of the ship in all normal circum- 
stances and for this purpose two astern turbines are to 
be provided except in single screw ships, where one astern 
turbine may be fitted. 


405 One emergency overspeed governor shall be 
provided for the ahead turbine or turbines driving each 
propeller shaft either direct or through gearing so as to shut 
off the steam automatically, and prevent the maximum 
designed speed being exceeded by more than 15 per cent. 


Hand trip gear shall also be provided for shutting 
off the steam. 


406 Arrangements are to be made for the steam to 
the ahead turbines to be automatically shut off in the event 
of the failure of the lubricating oil system. 


407 Auxiliary steam turbines intended for driving 
electric generators are to be fitted with governors which, 
with fixed setting, are to control the speed within the 
following limits:— 

10 per cent momentary variation and 6 per cent 
permanent variation in speed when full load is suddenly 
taken off or put on. 


Hydraulic Tests : Steam Reciprocating Engines 
408 The cylinders of steam reciprocating engines are 
to be tested by hydraulic pressure as follows:— 
COMPOUND EXPANSION ENGINES: 
H.P. Cylinder WP x 1°5 
L.P. Cylinder 30 Ib. per square inch. 
TRIPLE EXPANSION 
H.P. Cylinder 
I.P. Cylinder WiPisc=b 
L.P. Cylinder . 80 ]b. per square inch. 
QUADRUPLE EXPANSION ENGINES: 


ENGINES: 
WP x 1-5 


H.P. Cylinder WP x 1:5 
First I.P. Cylinder WP x -6 
Second I.P. Cylinder WP x -4 


L.P. Cylinder 30lb. per square inch. 
Where WP is the boiler working pressure in lb. per 
square inch. 


Hydraulic Tests : Steam Turbines 


409 The nozzle boxes of impulse steam turbines are 
to be tested by hydraulic pressure to 1-5 times the boiler 
working pressure. 


H 309 -H 409 
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The steam casings of all turbines are to be tested by 
hydraulic pressure to 1-5 times the working pressure in the 
casing or to 30 lb. per square inch, whichever is the greater. 


Cross-references 

410 Steam engines and turbines intended for driving 
electric generators are to comply with the requirements of 
L 3 and M 2 where applicable. 


411 Where auxiliaries are worked by electricity, the 
cables, motors, control gear and electrical spares are to 
comply with the requirements of Chapter M. 


412 The feed, bilge and general service pumps, steam 
and other pipes, cocks, sea connections, pumping arrange- 
ments and forced lubrication, are to comply with the 
requirements of Chapter E. 


Section 5 


REDUCTION GEARING FOR PROPELLING AND 
AUXILIARY MACHINERY 
General 


501 The following requirements, except where other- 
wise stated, are applicable to reduction gearing for main 
propelling purposes and for driving electric generators 
where the transmitted powers exceed 300 s.h.p. and 150 
s-hep: for propulsion. and auxiliary drives respectively. 
In general, requirements are intended for helical type 
gears. Other types of gearing will be specially considered. 


502 The materials for pinions, pinion sleeves, wheel 
rims, flexible couplings and quill shafts are to be of 
approved composition and mechanical properties and are 
to comply with the requirements of Chapter P. Manu- 
facturers’ certificates of test for materials may be accepted 
in cases where the transmitted power of gears is less than 
150 s.h.p. 

In the selection of materials for pinions and wheels 
consideration is to be given to their compatibility in 
operation; provision is also to be made for a hardness 
differential between pinion teeth and wheel teeth for which 
purpose the specified minimum tensile strength of the 
wheel rim material is to be not more than 85 per cent of 
that of the pinion. Normally, pinion materials are to 


have tensile strengths within the limits of 40 tons per . 


square inch and 76 tons per square inch, but consideration 
will be given to the acceptance of materials of greater 
tensile strength if it is demonstrated that these can 
be machined satisfactorily. These requirements are not 
applicable to case-hardened and surface-hardened elements 
which will be specially considered. 


H 410 -H 505 
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503 Particulars of the gearing are to be submitted 
with the plans for all propulsion gears and for auxiliary 
gears where the transmitted power exceeds 150 s.h.p., as 
follows :— 

Material specifications, 

Shaft horse power and revolutions for each pinion, 
Number of teeth in each gear, 

Pitch circle diameters, 

Helix angles, 

Normal pitches of teeth, 

Addenda, 

Dedenda, 

Face widths, 

Pressure angles of teeth (normal or transverse), 
Minimum backlash. 


DESIGN 
Tooth Form 


504 The tooth profile in the transverse section is to be 
of involute shape and the roots of the teeth are to be formed 
with smooth fillets of radii, not less than 12 per cent of the 
normal pitch. 

For propulsion gears the ends of the pinion and wheel 
teeth are to be cut back from the root at an angle of 45° to 
60° to the pitch line in all cases where the ratio F/d exceeds 
1-5. 
where F = total axial length over pinion helices, less the 

gap, in inches, 
d = pitch circle diameter of pinion, in inches. 


The teeth of pinions and wheels of turbine gears are to 
be suitably tip-relieved in cases where any of the following 
conditions apply :— 


(i) Normal pitch of teeth exceeds 0-7854 inch. 


(ii) Addendum of pinion teeth exceeds 65 per 
cent of total working depth of engagement. 


(iii) Ratio of total working depth of engagement 
to normal pitch of teeth exceeds 0-75. 


All sharp edges left on the tips and ends of pinion and 
wheel teeth after hobbing or finishing are to be removed. 


Tooth Loads 


505 For turbine gears of the through-hardened type, 
tooth loads are to be governed by the requirements of 506. 
Where it is desired to adopt higher K values than permitted 
by the requirements of 506, full design calculations for tooth 
strength and pinion deflection are to be submitted for 
consideration. 

For oil engine gears of the through-hardened type 
tooth loads are normally to be governed by requirements 
of 506. In cases of small gears or other special circum- 
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stances where it is desired to adopt higher loading than 
permitted by the formula, full particulars are to be sub- 
mitted for consideration. 


For turbine and oil engine gears of the surface- 
hardened and ground or case-hardened and ground type 
the tooth loads will be specially considered. 


506 In order to limit the tooth surface stress the 
gear tooth load for maximum designed shaft horse power 
is not to exceed that given by the following formula:— 

P=Kecarx Se 
(R + 1) 
where P = maximum permissible tooth load in lb. per 
inch of overall face width less gap, 
K = loading factor to be derived from the 
expression :— 
C (40 +S) but not to exceed C x 110, 
C = coefficient, having values obtainable from 
Table 1, 
S = specified minimum tensile strength of pinion 
material, in tons per square inch, 
d = pitch circle diameter of pinion, in inches, 
pinion speed 


R = ti — ————————— 
ae gear wheel speed 


TABLE 1 
Service Gear ‘eps Coefficient c 
Propulsion | Single Reduction ... 1 
Auxiliary es me 1- 15 
Double Reduction PHimasy “Second 
Split Secondary 1 0 85 
» Primary ] ay 
Propulsion Tandem 1 (ee 
5 Articulated ica lo. 95 
ees 
Dual Tandem 0-9 | 0°85 
5 , Articulated ... 1 | 0-95 


NotTe.—By “Articulated Gear’ is meant the connecting of primary 
and secondary gears by a quill shaft and coupling which will permit 
adequate flexibility. 


For typical arrangements of double helical, double 
reduction gears see Fig, 1. 
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Quill Shafts 
507 The diameter of the quill shaft is to be not less 
than given by the following formula :— 
3 1 SEP 28 
R *S 


where S-P = maximum designed power, 


diameter of quill shaft, in inches=3-5 


R = revolutions per minute at maximum 
designed power, 


S = specified minimum tensile strength of 
the material, in tons per square inch, 
which is not to be less than 28 tons per 
square inch. 


CONSTRUCTION 


Gear Wheels and Pinions 


508 Where wheels are of cast construction any radial 
slots in the periphery are to be fitted with permanent 
chocks before shrinking of the rim. 


When bolts are used to secure side plates to rim and 
hub, the bolts are to be a tight fit in the holes and not to be 
locked by welding. 


When welding is employed in the construction of 
wheels, the welding procedure is to be approved in the 
first instance by the Surveyors before work is commenced. 
For this purpose, test specimens representative of the 
welded joints used in the construction of the wheel are to 
be provided for examination and mechanical test. Sections 
are also to be taken from the test joints at positions selected 
by the Surveyors, and are to be macro-etched to verify that 
the welds are sound. Wheels are to be stress relieved 
after welding. All welds are to have a smooth surface and 
even contour and are to be proved by magnetic orack 
detection methods. 


Gear Cases 


509 Gear cases are to be of rigid design and if welding 
is employed in their construction they are to be stress 
relieved on completion. Provision is to be made by the 
gear manufacturers for verifying by trammels or other 
means during installation of the gear case on board ship 
that it is free from distortion when chocked and secured 
to its seating. 


Balance of Gear Pinions and Wheels 

510 All primary pinions over 12 inches diameter, 
complete with couplings, are to be dynamically balanced. 
All primary wheels, including those with secondary pinions, 
also main wheels are to be statically balanced. 


H 506 - H 510 


LLOYD’S REGISTER OF SHIPPING 
Fig. 1.—TypicaL ARRANGEMENTS OF DousLE Repvuction, Douste Heticat Gear TRAINS 


Chapter H 


vl 
—_- 


=e 


Spuir PRIMARY 


3 


tint) 


<p 


imag 


——— 
ee Ee 


Sprit SECONDARY 


<< 


| | 
z= 


—_—_— 
al 


Dua TANDEM 


TANDEM 
then these are described as “‘tandem articulated” and “dual tandem articulated’’, respectively. 


If flexible couplings are fitted between primary and secondary gears of “tandem” and “dual tandem” types, 
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Accuracy of Gear Cutting and Alignment 

511 Turbine gearing is to be cut only on machines 
which are maintained at a high standard of accuracy. 
When large gears are designed with loading factors exceed- 
ing K=80, any hobbing machines used in their production 
are to operate under conditions of temperature control. 

The accuracy of gear-cutting and alignment of pinions 
and wheels is to be demonstrated in the workshop to the 
satisfaction of the Surveyors. 


Trials 

512 The sea trials are to be of sufficient duration to 
prove the gears. On conclusion, all gears are to be opened 
up sufficiently to permit the Surveyors to make an inspec- 
tion of the teeth. 

For turbine gears having a loading factor exceeding 
K=80 the tooth contact distribution is to be verified on 
completion of the sea trials. For this purpose and prior to 
the trials, the teeth of pinions and wheels are to be thinly 
coated with copper sulphate, an approved spirit lacquer, or 
other equivalent. The marking revealed by this inspection 
is to indicate freedom from hard bearing and not less than 
70 per cent contact across the face width with satisfactory 
contact over the involute profile. 


Section 6 
HEAVY OIL ENGINES 


Dimensions of Shafts 


601 The crank, intermediate and other shafts, if of 
ordinary mild steel having a tensile breaking strength of 
28-32 tons per square inch, are to be of not less diameters 
than those given by the following formule. 

The formule do not, however, take into consideration 
the possibility of dangerous torsional vibration stresses 
arising in the shafting. 

Calculations of torsional vibration characteristics for 
the dynamic system formed by the engine, shafting and 
propeller, also gearing, generators or other components, 
where these are interposed, are to be submitted for con- 
sideration, together with plans of all shafting and of the 
propeller. These calculations should include :— 


(a) Natural frequency tables for one and two noded 
modes of vibration, also higher modes if necessary. 

(6) Vector summation for all orders of vibration 
occuring at speeds up to 20 per cent above the 
service speed. 


(c) Particulars of the firing order in the case of four 
cycle engines. 


te 
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Similar calculations are to be submitted for the system 
including the spare propeller, if supplied, where its design 
differs from that of the working propeller. 


Where the Engine Builders’ estimate of vibration 
stresses is based on torsiograph records from previous 
installations, particulars of the estimated stresses are to be 
submitted in cases where the stresses approach the limits 
indicated in the Society’s Guidance Notes. 


The torsional vibration characteristics of heavy oil 
engines driving auxiliary machinery used for essential 
services at sea are to be such as to ensure that the operating 
speed ranges are clear of significant critical speeds. Where 
the power developed by these auxiliary engines is 150 b.h.p. 
or 100 kW and over, torsional vibration calculations are 
to be submitted for approval as required for propelling 
machinery. 


Where serious critical speeds are found by calculation 
to occur within the range of working speeds the Committee 
may require torsiograph records to be taken from the 
machinery for the purpose of verifying the calculations and 
may impose a restriction on continuous running at speeds 
where the stresses are considered to be excessive. 


The submission of torsional vibration characteristics 
will not be required for ships classed for smooth water 
service when fitted with engines having powers less than 
100 b.h.p. 


602 Where shafts are proposed to be made of high 
tensile steel, their sizes, together with the material speci- 
fication, should be submitted for special consideration. 


Crank Shaft 


603 The diameter of the crank shaft is not to be 
less than that given by the following formula:— 


= ¢/ PF RL ee 


where D = diameter of cylinder, in inches or milli- 
metres, 


Diameter of crank shaft, | 


x (PL + CpS) 
in inches or millimetres ! 4 


10,000 


Ss = 

L=span of bearings adjacent to a crank 
measured from inner edge to inner edge, 
in inches or millimetres, 


length of stroke, in inches or millimetres, 


P = maximum pressure in lb. per square inch, 
fp = mean indicated pressure in lb. per square 
inch, 
C is a coefficient found from Table I, which 
follows after H 907. 


H 511-H 603 


Chapter H LLOYD’S REGISTER OF SHIPPING 


604 Where it is proposed to make solid forged crank 
shafts of steel having a specified minimum tensile strength 
greater than 28 tons per square inch, but not exceeding 
50 tons per square inch, the diameter of the crank shaft is 
not to be less than given by the following formula:— 


Diameter of crank shaft __ ve / 28 
in inches & 721 -- 8 
where d = diameter, in inches, of crank shaft made of 
steel having a specified minimum tensile 
strength of 28 tons per square inch as 
required by 603. 


T = proposed specified minimum _ tensile 
strength in tons per square inch. 


Crank Webs of Solid Forged Shafts 


605 In solid forged crank shafts the breadth of the 
webs should not be less than 1-33 times and the thickness 
not less than -56 times the diameter of the shaft required 
by 603 or 604 whichever is applicable. If these proportions 
are departed from, the webs are to be of equivalent strength. 


Crank Webs of Built Shafts 


606 The dimensions of the crank webs of built shafts 
should not be less than those given by the following 
formula :— 


h = 625 x d 


zs “12 x dq? 
va fee 


where h = thickness of the web, measured parallel to 
the axis, in inches or millimetres, 

t = thickness of metal around the eyeholes, 
measured radially, in inches or milli- 
metres, 

d = diameter of crank shaft in inches or 
millimetres, as required by 603. 


If these proportions are departed from, the webs are to 
be of equivalent strength. 


607 Reference marks are to be provided on the outer 
junction of the crank webs with the journals and crank pins. 


Shrinkage Allowance 


608 Crank webs are to be securely shrunk on the 
journals and crank pins. If dowels are not fitted at the 
junction of the journals and webs, the yield point of the 
material of the webs is to be not less than 14 tons per 
square inch and the shrinkage allowance is to be between 
sto and ;}, of the diameter of the shaft. 
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Fillets and Oil Holes 

609 Fillets at the junctions of crank webs with crank 
pins or journals, where these are formed as solid forgings 
or castings, are to be machined to a radius of not less than 
5 per cent of the diameter of the crank shaft and are to 
have a smooth finish. 


Oil holes at the surfaces of crank pins and journals are 
to be rounded to an even contour with a smooth finish. 


Intermediate Shaft 


610 The diameter of the intermediate shaft is not to 
be less than that given by the following formula :— 


Diameter of intermediate | _ © a ‘BEP- 
shaft, in inches Ra 
where BEP = maximum designed brake horse power. 
R= revolutions per minute, at maximum 
power, 

C is a coefficient found from Table II or III 
for single acting engines or from 
Table IV for double acting engines, by 
interpolation from the values found for 

A and the piston speeds. 


Note: The Rule diameter of the intermediate shaft may be 
reduced by 3°5 per cent for ships classed exclusively for smooth 
water service and by 1°75 per cent for ships classed exclusively for 
service on the Great Lakes. 


In using Tables II, II] and IV the appropriate value 
A is found thus:— 
ae ie o.: See oa 
(Wd? + 6°24 wr?) x R? 
where D = diameter of cylinder, in inches, 
S = length of stroke, in inches, 
R = revolutions per minute, at maximum 
power, 
W = total weight of flywheel, in tons, 


A= 


d = diameter of flywheel, in feet, 
W = total weight of balance weights, in tons, 
r = radius of gyration of balance weights, in 
feet. 


Flywheel Shaft 
611 The diameter of the flywheel shaft is to be not 
less than that required for the crank shaft. 


Thrust Shaft 

612 The diameter at the collars of the thrust shaft 
transmitting torque is not to be less than 1-1 times that 
required for the intermediate shaft; outside the collars the 
diameter may be tapered down to that required for the 
intermediate shaft. 
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Tube Shaft 

613 The diameter of the tube shaft (i.e. the shaft 
which passes through the stern tube, but does not carry 
the propellor) is not to be less than 1-05 times that 
required for the intermediate shaft, and any part of the 
shaft within or without the tube which may be exposed 
to sea water is not to be less than 1-075 times that 
required for the intermediate shaft. 


Screw Shaft 

614 The diameter of the screw shaft carrying the 
propeller is not to be less than that given by the following 
formula :— 


Diameter of screw shaft, in inches = 1-:05d + _ 


where d = diameter required for the intermediate 
shaft, in inches, 


P = diameter of the propeller, in inches, 


C = 144 when the shaft is fitted with a con- 
tinuous liner, 


100 when the shaft is not fitted with a 
continuous liner. 


615 Screw shafts which run in stern tubes may have 
the end forward of the stern gland tapered down to a 
diameter, at the coupling flange, of 1-05 times that required 
for the intermediate shaft. 


Hollow Shafts 

616 Where the thrust, intermediate, tube and screw 
shafts have central holes, the dimensions of the shafts as 
determined by the foregoing formule need not be increased, 
provided the diameter of the central hole in a shaft does 
not exceed one-third of the shaft diameter. 


Bronze Liners on Shafts 
617 The thickness of liners fitted on screw shafts 
or on tube shafts, in way of the bushes, is not to be less, 
when new, than that given by the following formula:— 
d + 9°25 
t= 
82 


where t = thickness of the liner, in inches, 


d = diameter required for the screw or tube 
shaft under the liner, in inches. 


618 The thickness of a continuous liner between the 
bushes is not to be less than -75 t. 


619 Continuous liners should be cast in one piece or, 
if made of two or more lengths, the junctions of the separate 
pieces are to be made by fusion through the whole thickness 
of the liner. 
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620 Liners are to be carefully shrunk on, or forced 
on to the shafts by hydraulic pressure. Pins are not to be 
used to secure the liners. 


621 If the liner does not fit tightly between the 
bearings in the stern tube, the space between the shaft and 
the liner is to be charged or forced with a plastic material 
insoluble in water and non-corrosive. 


622 Effective means are to be provided for preventing 
water from having access to the shaft at the part between 
the after end of the liner and the propeller boss. 


Stern Bush 


623 The length of the bearing in the stern bush next 
to and supporting the propeller is not to be less than four 
times the diameter required by rule for the screw shaft 
under the liner. 


Coupling Bolts 


624 With coupling bolts of ordinary mild steel having 
a minimum tensile strength of 28 tons per square inch, the 
diameter of the bolts at the joining faces of the couplings is 
not to be less than that given by the following formula :— 


J 


= diameter, in inches or millimetres, re- 
quired by 610 for the intermediate shaft 
in case of thrust, intermediate and 
screw shafts, and is -95 of the diameter 
required by 603 for the crank shaft in the 
case of crank and flywheel shafts, 


d* 
o Depoan Local: 


Diameter of the coupling bolts, ; 
in inches or millimetres. \ 


where d 


number of bolts in the coupling, 


radius of the pitch circle of the bolts, in 
inches or millimetres. 


Where the specified minimum tensile strength of the 
crank shaft is greater than 28 tons per square inch 
and the diameter of the shaft is determined by 604, the 
coupling bolts for this shaft are to be of equivalent strength. 


Couplings 

625 The thickness of the coupling flanges at the 
pitch circle of the bolt holes is not to be less than the 
diameter of the coupling bolts at the face of the coupling 
as determined by 624. The thickness of the screw shaft 
coupling flange is not to be less than -25 of the diameter 
required for the intermediate shaft, as determined by 610. 


626 The fillet radii at the base of flanges should not 
be less than -125 of the diameter of the shaft. 
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627 Where couplings are separate from the shafts 
provision is to be made to resist the astern pull. 


Bronze Propellers 
628 Where bronze is used for propellers or propeller 
blades, it is to comply with the requirements of P 14. 
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GENERAL REQUIREMENTS FOR HEAVY OIL 
ENGINES AND STARTING AIR COMPRESSORS 


General 
701 Special attention is to be given to the ventilation 
of the engine room. 


702 Cylinder relief valves are to be fitted to engines of 
8 inches bore or over. The valves are to be loaded to not 
more than 40 per cent above the designed maximum 
pressure and are to discharge where no damage can occur. 


703 Where scavenging is effected by a single indepen- 
dent scavenging blower alternative or duplicate means for 
driving the blower are to be provided ready for use. 


704 Scavenge manifolds of main engines are to be 
provided with explosion relief valves. 


705 The exhaust pipes and silencer are to be water 
cooled or efficiently lagged to prevent damage by heat; if the 
exhaust is led overboard near the water-line, means are to be 
provided to prevent water from being syphoned back to the 
engine. Y 


706 An efficient governor is to be fitted to each main 
engine to prevent excessive racing. 


707 Auxiliary engines intended for driving electric 
generators are to be fitted with governors which, with fixed 
setting, are to control the speed within the following 
limits :— 

10 per cent momentary variation and 6 per cent 
permanent variation in speed when full load is suddenly 
taken off or put on. 


Starting Arrangements 

708 Equipment for starting the main and auxiliary 
engines is to be provided so that the necessary initial charge 
of starting air or initial electric power can be developed on 
board ship without external aid. If for this purpose an 
emergency air compressor or electric generator is required 
these units are to be power driven by hand starting oil 
engine or steam engine, except in the case of small instal- 
lations where a hand operated compressor of approved 
capacity may be accepted. 
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709 Two or more starting and manceuvring air com- 
pressors are to be fitted of sufficient total capacity for the 
requirements of the main engines. Each compressor is to be 
fitted with a safety valve so proportioned and adjusted that 
the accumulation with the outlet valve closed will not exceed 
10 per cent of the maximum working pressure. The casings 
of the cooling water spaces are to be fitted with a safety 
valve or bursting dise so that ample relief will be provided 
in the event of the bursting of an air cooler tube. 


710 Where the main engines are arranged for air start- 
ing the total air receiver capacity is to be sufficient to pro- 
vide, without replenishment, not less than twelve consecutive 
starts of each main engine if of the reversible type and not 
less than six consecutive starts if of the non-reversible type. 
For scantlings and fittings of air receivers see J 24. 


711 Where main engines are fitted with electric 
starters, the batteries are to have sufficient capacity without 
recharging to provide the number of starts of the main 
engines as required by 710. In other respects batteries are 
to comply with the requirements of L 10. 


Crank Case Safety Fittings 


712 Crank cases are to be provided with lightweight 
spring-loaded valves or other quick-acting and self-closing 
devices to relieve the crank cases of pressure in the event of 
an internal explosion and to prevent any inrush of air there- 
after. At least one of these valves should be fitted to each 
cylinder crank case. In the case of small auxiliary engines, 
where crank case and doors are inherently strong, one relief 
valve may be considered sufficient. In the case of small 
engines of less than 6 inches bore, relief valves may be omit- 
ted. The discharge from the valves is to be shielded where 
necessary to minimise the possibility of danger and damage 
arising from the emission of flame. 


713 The minimum sizes of relief valves are to be de- 
termined on a basis of 1 square inch of valve area per 5 cubic 
feet of crank case volume for engines with a crank case 
volume per cylinder of 100 cubic feet and over and on a 
basis of 1 square inch per 10 cubic feet, plus 10 square 
inches, for smaller engines. No valve is to be less than 3 
inches diameter or equivalent area. 


714 Crank cases are to be of robust construction and 
crank case doors are to be securely fastened so that they will 
not be readily displaced by an explosion. 


715 Lubricating oil drain pipes from engine sump to 
drain tank are to be submerged at their outlet ends. Where 
two or more engines are installed, vent pipes, if fitted, and 
lubricating oil drain pipes are to be independent to avoid 
inter-communication between crank cases. 
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716 Crank cases of large starting air compressors are 
to be fitted with explosion relief devices as required for 
auxiliary engines in cases where the crank case volume is 
20 cubic feet and over. 


Crank Case Lighting 


717 Where interior lighting is provided it is to be 
flame proof in relation to the interior and details are to be 
submitted for approval. No wiring is to be fitted inside 
the crank case. 


Hydraulic Tests 


718 Where main and auxiliary engine cylinder covers 
and cylinders not fitted with liners cannot be readily 
examined internally they are to be tested by hydraulic 
pressure to 1-5 times the maximum working pressure. 


719 Air compressor cylinders, covers, intercoolers 
and aftercoolers are to be tested by hydraulic pressure to 
twice their maximum working pressure. 


720 Cylinder liners are to be tested by hydraulic 
pressure to not less than 100 lb. per square inch. 


721 The water jackets of cylinders, and the cooling 
passage of cylinder covers and pistons, are to be tested by 
hydraulic pressure to 30 lb. per square inch. 


722 Fresh water and lubricating oil coolers are to be 
tested by hydraulic pressure to twice the working pressure 
with a minimum of 50 Ib. per square inch on the fresh 
water and lubricating oil side, and a minimum of 30 Ib. 
per square inch on the cooling water side. 


Cross-references 

723 Engines intended for driving electric generators 
are to comply with the requirements of L 4 and M 2 
where applicable. 


724 Where auxiliaries are worked by electricity, the 
cables, motors, control gear and electrical spares are to 
comply with the requirements of Chapter M. 


725 The pumping arrangements, cooling water and 


lubricating oil systems are to comply with the requirements 
of Chapter E. 


726 All oil fuel pipes, tanks and their fittings are to 
comply with the requirements of D 20 and Chapter E. 
Spare Gear 

727 For lists of spare gear to be carried, see Chapter K. 


Periodical Surveys 
728 For periodical survey requirements, see C 4 and 
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Section 8 
STRENGTHENING FOR NAVIGATION IN ICE 


801 Where the notation «Strengthened for navigation . 
in ice Class 1, 2 or 3” is desired, the following requirements 
are to be complied with, so far as these are applicable. 


Power of Propelling Machinery 


802 The power delivered to the propeller shafting 


(s.h.p.) is not to be less than ae 


Where L = length of ship, between perpendiculars, 
in feet, 
B = breadth of ship, moulded, in feet, 
C = coefiicient given in Table I for each class. 


Main Engine Shafting 


803 The shafting and couplings are to be steel and the 
diameters of the shafting as required by the Rules for ocean- 
going service are to be increased by the percentages stated 
in Table I. No increase in the diameter of crankshafts of 
heavy oil engines is required. 


Gearing 


804 If gearing is fitted between the engine and 
propeller shafting, the gearing is to be designed and con- 
structed to transmit torque in excess of that corresponding 
to the engine power by the percentages given in Table I. 


Turbines 


805 Where turbines are used for the propulsion of 
ships intended for Class 1 or 2 ice strengthening, a slip 
coupling is to be fitted between the turbines and propeller 
shafting. 


Electric Motors 


806 Where direct current electric motors are used for 
the propulsion of ships intended for Class 1 or 2 ice 
strengthening, provision is to be made for automatically 
limiting the transmitted torque to a safe value. 


Thrust Block 


807 The area of the thrust surface of thrust blocks of 
ships intended for Class 1 ice strengthening is to be made 
at least 15 per cent greater than required for normal service. 


For thrust blocks of the pivoted pad type the thrust 
pressure is not to exceed 300 Ibs per square inch; for other 
types of thrust blocks the proposed thrust pressure is to be 
submitted for consideration. 
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Propellers 

808 Propellers and propeller blades are to be of cast 
steel or bronze having a tensile strength and elongation of 
not less than 28 tons per square inch and 20 per cent on a 
gauge length of 2 inches. The material is to comply with the 
requirements of P 9 or P 14. 


Propellers intended for Class 1 or 2 ice strengthening 
are to be designed so that the blade root and the blade tip 
thicknesses are not less than obtained by the following 
formule. Alternatively, a detailed stress computation for 
the blades is to be submitted for consideration. 


Blade root thickness 
SHEP x 28 
i ey Pa ee 
aie nox eNe IG 
-_- OP 


ears eS og — BP AR 


D 84D for ice class 1 


K = 20:5 — —.+ 


for ice class 2 
Diess2Dim 


Blade tip thickness 
eas mt xR 
100 x S 
where T = blade thickness at 25 per cent radius, in 
inches, 
t = blade thickness at tip, in inches, 


SFP = maximum designed shaft horse power, 


R = revolutions per minute at maximum 
power, 

D oe propeller diameter, in feet, 

P = mean pitch, in feet. 

L = length of blade section at 25 per cent 
radius, in inches 

A = rake, in inches, 

N = number of blades, 

S = tensile strength of material, in tons per 


square inch. 


The blade thicknesses at sections between 25 per cent 
radius and the tip are not to be less than included by the 
straight lines joining thicknessesT and t. The edges of blades 
are to be suitably thickened for the operating conditions. 


A plan, in triplicate, of the propeller, together with 
details of material, power and revolutions per minute and 
other particulars required for calculating the Rule thickness 
of the blades, are to be submitted for approval by the 
propeller designers. 
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TABLE 1 
Class par <1 2 3 
Power Coefficient 0 Pe we | 68 92 120 
Screw Shaft, ae in diameter | 15%, 8%, 5% 
Crank, Thrust and Intermediate 
Shaft, increase in diameter ...| 8% | 4% | — 


Gearing, torque increase ... 


Thrust Block, increase in area of 
thrust surface 


Ship Side Valves 


809 The sea inlet and.overboard discharge valves 
which are situated below the maximum load line are to be 
provided with a low pressure steam or compressed air 
connection for clearing purposes. 


810 Connections are to be fitted between the cooling 
water overboard discharge lines and sea inlets for main and 
auxiliary engine cooling water systems so that warm water 
may be used to assist in maintaining the suction pipes free 
from ice. 


811 In motor ships where clearing steam is not 
available fire pumps are to be provided with suctions from 
the main cooling water inlet pipe. 


Cross-references 
812 For hull requirements see D 10 and for general 
requirements for ship side valves, see K 266 to E 271. 


Section 9 


WELDED STRUCTURES FOR STEAM RECIPROCATING 
AND HEAVY OIL ENGINES 


General 
901 The requirements of this section are applicable 
to engines for main propelling purposes. 


Plans 


902 Before construction is commenced plans of 
bedplates, crankcases, frames and entablatures, including 
details of the welded joints, materials, electrodes and heat 
treatment are to be submitted for consideration. 
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An outline of the welding procedure and fabrication 
method and sequence is also to be submitted for information. 


Nore: It will not be necessary for plans and particulars to be sub- 
mitted for each ship provided the basis plans for the engine size and 
type have previously been approved as meeting the requirements of 
these Rules. Any alterations to basis design, materials and manu- 
facturing procedure are to be re-submitted for consideration. 


Materials 


903 Plates, sections, forgings and castings are to be 
of welding quality to an approved specification with a 
carbon content generally not exceeding 0-23 per cent, and 
are to be tested in accordance with the requirements of 
Chapter P. Steels with higher carbon contents may be 
approved subject to special tests to prove weldability. 


Welded Joints 


904 Joints in parts of the engine structure which are 
stressed by the main gas, steam or inertia loads are to be 
designed as continuous full strength welds and for complete 
fusion of the joint. They are to be so arranged that, in 
general, welds do not intersect, and that welding and inspec- 
tion can be effected without difficulty. Abrupt changes in 
plate section are to be avoided and where plates of substan- 
tially unequal thickness are to be butt welded, the thickness 
of the heavier plate is to be gradually tapered to that of 
the thinner plate. Tee joints are to be made with full bevel 
or equivalent weld preparation to ensure full penetration. 


In single plate transverse girders the castings for 
main bearing housings are to be formed with web extensions 
which can be butt welded to the flange and vertical web 
plates of the girder. Stiffeners in the transverse girder are 
to be attached to the flanges by full penetration welds. 


Construction 


905 Plates and weld preparations are to be accurately 
machined or flame-cut to shape. Flame-cut surfaces are 
to be cleaned by machining or grinding; if the flame-cut 
surfaces are smooth, wire brushing may be accepted. 


Before welding is commenced the component parts of 
bedplates and framework are to be accurately fitted and 
aligned. The welding is to be done in positions free from 
draughts and is to be downhand wherever practicable. 
Electrodes are to be of an approved type. Pre-heating is to 
be adopted when welding heavy plates or sections. The 
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finished welds are to have an even surface and be free from 
undercutting. Welds attaching bearing housings to the 
transverse girders are to have a smooth contour and if 
necessary are to be made smooth by grinding. 


Heat Treatment 

906 Bedplates of heavy oil engines are to be stress 
relieved except for engine types where the bedplate as a 
whole is not subjected to direct loading from the cylinder 
pressure. For the latter types, and for all steam engines, 
only the transverse girder assemblies need be stress 
relieved. 

Stress relieving is to be done by heating the welded 
structure uniformly and slowly to a temperature between 
600° C. to 650°C. (1112° F. to 1202°F.), holding that 
temperature for not less than one hour per inch of maximum 
plate thickness and thereafter allowing the structure to cool 
slowly in the furnace. 


Inspection 

907 Welded engine structures are to be examined 
during fabrication, special attention being given to the fit 
of component parts of major joints prior to welding. On 
completion of welding and stress relieving, all welds are to 
be examined. Welds in transverse girder assemblies are to 
be crack detected by an approved method to the satisfaction 
of the Surveyors. Other joints are to be similarly tested if 
reguired by the Surveyors. 

The whole of the welding work is to be to the satisfac- 
tion of the Surveyors. 


Design RECOMMENDATIONS 


It is recommended that bedplates and major compo- 
nents of engine structures should be made with a minimum 
number of welded joints. 

Double welded butt type joints should be adopted 
wherever possible in view of their superior fatigue strength. 

Girder and frame assemblies should, as far as possible, 
be made from one plate or slab shaped, as necessary, rather 
than by welding together a number of small pieces. 

Steel castings should be used for parts which would 
otherwise require complicated weldments. 

Care should be taken to avoid stress concentrations, 
such as sharp corners and abrupt changes in section. 
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TABLE I. FOR CRANK SHAFTS 


Maximum Pressure 500 lb. per square inch and above 


SINGLE ACTING ENGINES DOUBLE ACTING ENGINES 


NUMBER OF CYLINDERS NUMBER OF CYLINDERS 


- Cc —| ¢ 


4 STROKE CYCLE 2 STROKE CYCLE 2 STROKE CYCLE 


1,2, 30 4 1 or 2 73 3 | 


13°4 


| 


xt A+» 
1 


| 


1 RR 


| 


| 


10 


10 25°0 


11 22°0 


12 


12 
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TABLE II. FOR INTERMEDIATE SHAFTS OF 
4 STROKE CYCLE SINGLE ACTING ENGINES 
Maximum Pressure 500 lb. per square inch and above 
Value of Gc for following piston speeds in 
NUMBER OF VALUE OF feet per minute. 
CYLINDERS A - — 
700 1200 
and below | 850 1000 and above 
1; 2; 001 4:03 4:03 4°03 4:03 
Sos At 005 4°90 4°70 4°54 4°41 
or 010 5°43 5°07 4°80 4°57 
001 3°96 3°96 3:96 3°96 
5 005 4°53 4°38 4°26 4°16 
O10 4°85 4°59 4°38 4°26 
001 390 3°90 3°90 3°90 
005 4°29 4°18 4°09 4°03 
6 010 4°51 4°30 4°18 407 
me Figaheel é 4°64 4°37 4:18 4°07 
Balance Weights { 5°00 454 429 £13 
001 3°88 3°88 3°88 3°88 
‘005 4°14 4:09 3°99 3°99 
” O10 4°30 4°14 4:07 3°99 
7 Fipybeel 4°40 4°18 4:07 3°99 
Oo Ww 
Balance Weights } 4°63 4°29 4°12 4:03 
001 3°85 3°85 3°85 3°85 
005 4°06 4°00 3°95 3°92 
8 010 4°15 4-04 3°98 3°92 
* Be fi 4:21 4°04 3°98 3°92 
oO ywhee r s < r 
Balance Weights { 4.35 4°12 4°02 3°96 
001 3°84 3°84 3°84 3°84 
9 : oo La ap 4°04 3°96 | 3°92 3°90 
oO ywheel or . es | ; 
Balance Weights 415 4°02 3°96 3°91 
001 3°82 | 3°82 3°82 3°82 
10 i oe ctl 3°92 3°89 3°86 3°86 
o Flywheel or | z ‘ r 
Balance Weights { 4°01 3°93 | 3°90 3°86 
All values includ- 
11 and 12 ing no Flywheel or 3°80 3°80 3°80 3°80 
Balance Weights 
| | 
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TABLE III. FOR INTERMEDIATE SHAFTS OF 
2 STROKE CYCLE SINGLE ACTING ENGINES 


Maximum Pressure 500 lb per square inch and above 


Value of C for following piston speeds in 


feet per minute. 
NUMBER OF VALUE OF D 


CYLINDERS 
A 


700 1200 
and below 1000 and above 


No Flywheel a 
Balance Weights 


“O01 
005 to ‘015 


No Flywheel oe 
Balance Weights 


All values includ- 
ing no Flywheel or 
Balance Weights 
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TABLE IV. FOR INTERMEDIATE SHAFTS OF 
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2 STROKE CYCLE DOUBLE ACTING ENGINES 


Maximum Pressure 500 lb. per square inch and above 


Value of Cc for following piston speeds in 


feet per minute. 


NUMBER OF VALUE OF 
CYLINDERS A ee ae Se 4 
and below 850 1000 and above 
| 001 3°86 3°86 3°86 3°86 
006 4-09 4-04 3-99 3-99 
8 tie -010 4-28 4:15 4:07 4-01 
= mee , 4:39 4:25 4:10 4:04 
: o Flywheel or 
Belance Weights { 4-89 4-47 4-25 4-09 
= 5 001 3-91 3-91 3-91 3-91 
005 4-30 4:19 4:09 4-04 
4 | 010 | 4-54 4:33 4-18 ‘ 
| x elles ; 4:66 4-40 4-25 
| No Flywheel or 
Balance Weights | 5-08 4-60 4-32 
| ‘001 3°85 3-85 3°85 
-005 | 3°94 3-91 3°88 
010 401 3-95 3-91 
‘ < mo ; | 4-05 3°97 3-91 
o Flywheel or : d ; 
Balance Weights 4:15 4-01 3-95 
-001 | 3°82 3:82 3°82 
005 to, 018 3-90 3-82 3-82 
o Flywheel or ; ‘ ; 
Balance Weights | 3-95 3-90 3:86 
‘O01 3°80 3°80 3°80 
aS = Pt isiieieey 3-91 3°88 3-84 
o Flywheel or : 4 : 
; | Balance Weights | 3-95 3-91 3:88 
| 001 3-80 3-80 3-80 
| re Re ule 3°88 3:84 3°84 
Be o Flywheel or ‘ : 
Balance Weights } 3-91 3°87 384 
001 3:90 3:90 3:90 
-005 4-23 4:09 4-03 
ahs me 4-37 4-18 4-07 
‘OL 4-45 4-24 4-09 
Va | No Flywheel at 4:66 431 4-13 
Balance Weights : 
EQUAL All values includ- 
CRANK | ing no Flywheel or 3-80 3-80 3-80 
ANGLES — Balance Weights 
O01 4:01 , 4-01 3:97 
| -005 4-41 4-24 4-09 
ae ‘O10 4-56 4-29 4:13 
oe -# ni , 4-62 4:32 4-15 
o Flywheel or ‘ : A 
Balance Weights { 4:78 4:39 Bee 
Ret 001 : 3-80 3-80 3-80 
y fi x er asi 3°94 3-90 3°86 
o Flywheel or : : P 
YN Belancs Weights 3-98 3-91 3-88 
-001 3°80 3°80 3-80 
w\|L 005 to 015 & 
ae No Flywheel or ; 3-89 3-86 3-84 


A\\s Balance Weights \ 
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BOILERS AND OTHER PRESSURE VESSELS 


CYLINDRICAL BOILERS 
Section 1 
GENERAL REQUIREMENTS 


101 In the design and construction of boilers the 
following conditions are to be observed. 

102 The materials used are to be in accordance with 
the relevant requirements of Chapter P. 

103 Where the joints in the shells of boilers are made 
by means of welding, the shells are to be constructed in 
accordance with the requirements of J 18 to J 238, in so far 
as they are applicable. 

104 Where the joints in the shells of boilers are 
riveted, the shells are to be constructed in accordance with 
the requirements of J 5. 

105 All steel plates which are welded, dished, flanged 
or locally heated are to be afterwards efficiently heat treated. 

106 Butt straps are to be cut from plates and not from 
rolled strips. 

107 All rivet holes are to be drilled, and as far as 
possible they are to be drilled in place. After drilling the 
plates the burrs are to be removed and the faying surfaces of 
the plates cleaned, and the sharp outer edges of holes also 
removed. 

108 Steel stays are not to be welded. If plus threads 
are desired, the ends of the stay bars may be upset or the bars 
may be drawn down in the central portions from bars 
originally of the size of the ends. In either of these two 
cases the bars are to be subsequently annealed throughout. 
In double-ended boilers the through longitudinal stays are to 
be supported at or near the middle of their length. 

109 Screw stays of combustion chambers where fitted 
with nuts are to be, as far as possible, normal to the chamber 
plates. Where this is not possible they are to be fitted with 
taper washers to provide a fair bed for the nuts. 


110 Nuts to screw stays in combustion chambers are 
to be not less than } inch thick for stays up to 14 inches 
diameter over threads, { inch thick for 18 and 13 inch 
stays, 1 inch thick for 1] and 2 inch stays, and 14 inches 
thick for stays over 2 inches in diameter. The nuts are to 
be made of solid mild steel or of iron which is to be 
without weld. The nuts for longitudinal stays are to be to 
the British standards appropriate to the diameters of the 
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stays, the outside nuts having the thickness therein provided 
for ordinary nuts, and the inside nuts having the thickness 
provided for lock nuts. 


111 Screw stays 1} inches in diameter and above 
should have 9 threads per inch, and all stays 2 inches in 
diameter and above passing through plates, and secured by 
nuts on each side of the plate, should have not more than 
6 threads per inch. 


112 Where jointed longitudinal stays are fitted between 
the front and back tube plates they are to be fitted with pins 
having an effective sectional area not less than 25 per cent in 
excess of that of the stay. The pins may be slack in the holes, 
the total slackness being not more than ,), inch. The pins are 
to be as close as possible to the shoulder of the eye forging. 
The shoulder of the forging is to have a diameter not less 
than 1 inch greater than the diameter of the hole. 


118 The end plates in the steam space in way of 
uptakes are to be shielded from contact with the heated gases. 


Cross-reference 
114 For requirements as to smoke box doors and the 
omission of dampers in oil fired boilers, see E 328 and E 329. 


Section 2 
ACCESS ARRANGEMENTS 


201 Manholes in cylindrical shells are to have their 
shorter axes arranged longitudinally. Where the cylindrical 
shell is cut for a manhole, compensation is to be provided 
and is to be such that the strength in way of the hole is not 
less than that required for the longitudinal joint. 


202 Where a flat plate is flanged for stiffening it at a 
manhole or sight hole, to permit the same working pressure 
as would be allowed upon an unpierced plate, the depth of 
the flange measured in inches from the outer surface 
is to be at least equal to v7 T x W 
where T is the thickness of the plate in inches and W is 
the minor axis of the hole in inches. 

203 ‘The doors to manholes, mudholes, and sight holes 
are to be built up or pressed to shape and annealed, or 
made from one thickness of plate with a machined recess 
for the jointing material. Their spigot part or the recess 


J101-J 208 


Chapter J 


is not to havea greater clearance than ;}, inch all round, ice., 
the axes of the opening are not to exceed those of the door 
by more than } inch. 


204 The studs for securing all doors are to be screwed 
through the plate, and they are to be fitted with nuts on 
the inside or bolts may be used screwed through the plate 
with the heads inside. 


205 All boilers are to be provided, where possible, with 
means for ingress to permit of examination and cleaning of 
the inner surfaces of plates and tubes exposed to flame. 
Where the boilers are too small to permit of this there are 
to be sight holes and mudholes sufficiently large and 
numerous to permit of the inside being satisfactorily cleaned. 


206 Where the cross tubes of vertical boilers are large 
there is to be a sight hole in the shell opposite to one end 
of each tube sufficiently large to permit the tube to be 
examined and cleaned. ‘These sight holes are to be in 
positions accessible for that purpose. 


Section 3 
HYDRAULIC TESTS 

Boilers ; 

801 In all new boilers working at pressures up to 
100 Ib. per square inch the hydraulic test is to be twice the 
working pressure. For boilers working at pressures greater 
than 100 Ib. per square inch the hydraulic test pressure is to 
be 1°5 times the working pressure plus 50 lb. per square inch. 


Boiler Mountings 

302 Ali boiler mountings are to be subjected to a 
hydraulic test of twice the working pressure with the excep- 
tion of feed check valves which are to be tested to 2°5 times 
the working pressure. The test pressures need not, however, 
be more than 1000 lb. per square inch above the working 
pressure. 


Section 4 


BOILER MOUNTINGS AND FITTINGS 
General 

401 Valves over 1} inches diameter are to be fitted 
with outside screws and the covers are to be secured by bolts 
or studs. 
right-hand (clockwise) motion of the wheels. 

402 All cocks and valves connected to the boiler are 
to be such that it is seen without difficulty whether they are 
open or shut. Where boiler mountings are secured by studs, 
the studs are to have a full thread holding in the plate for a 
length of at least one diameter. If the stud hole penetrates 
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All valves are to be arranged to be shut with a_ 
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the whole thickness of the plate the stud is to be screwed 
right through the plate and is to be fitted with a nut inside 
the boiler. Where bolts are used for securing mountings 
they are to be screwed right through the plate with their 
heads inside the boiler. 


403 Where a superheater is fitted which can be shut off 
from the boiler it is to be provided with a separate safety 
valve fitted with easing gear. The valve as regards con- 
struction is to comply with the regulations for ordinary 
safety valves, but the easing gear may be fitted to be 
workable from the stokehold only. The superheater is also 
to be fitted with a drain cock or valve to free it from water 
when necessary. 


404 Safety valve chests and other boiler and super- 
heater mountings subjected to pressures exceeding 150 Ib. 
per square inch or to steam temperatures exceeding 425° F., 
and boiler blow down fittings, are to be made of steel or 
other approved material. 


Safety Valves 

405 Boilers are to be fitted with not less than two 
safety valves, each having a minimum diameter of 14 inches, 
but vertical boilers having a total heating surface of less 
than 100 square feet may have one valve not less than 
2 inches diameter. 


406 The safety valves are to be so arranged that the 
springs and valves are cased in, that the valves cannot be 
overloaded when steam is up, that they can be lifted by 
easing gear and turned round on their seats by hand, and 
that in the case of fracture of springs they cannot lift out 
of their seats. The easing gear is to be operated by 
mechanical means from the boiler or engine room platforms. 

Pilot valves which admit steam to their respective full 
lift valves are to be provided with suitable locking devices. 


407 All the safety valves of each boiler may be fitted 
in one chest, which is to be separate from any other valve 
chest and is to be connected direct to the boiler by a strong 
and stiff neck, the passage through which is to be of not 
less cross sectional area than the aggregate area of the 
safety valves in the chest in the case ef full lift valves 
and one-half of that area in the case of other valves. 
Each safety valve chest is to be provided with a means by 
which it can be drained ; the drain pipe is to be led to the 
bilge or to a tank, clear of the boiler. 


SATURATED STEAM 

408 The minimum aggregate area of the orifices 
through the seatings of the safety valves on each boiler, 
whether coal fired, oil fired and/or exhaust gas fired and 
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whether working under natural, forced or induced draught, 
is to be found by the following formula :— 
ny WH. Shee 
~ (p+ 15)xC 
where A = for ordinary, high lift or improved high 
lift safety valves, the aggregate area in 
square inches of the orifices through the 
seatings of the valves, 
for full lift safety valves, the net area in 
square inches through the seats after 
deducting the area of the guides or other 
obstructions when the valvesare fully lifted, 
T.H.S. = total external surface in square feet of 
the tubes and other parts of the boiler 
exposed to heat, so as to cause evaporation, 
p = working pressure, in lb. per square inch, 
= estimated evaporation, in lb. per square 
foot of heating surface (T.H.S.) per hour, 
with a minimum value of 6, where the 
boilers are coal fired or oil fired and a 
minimum value of 3 for those parts of the 
boiler heated exclusively by exhaust gases, 
C = 4°8 for valves of ordinary type, 
7-2 for valves of high lift type, 
9-6 for valves of improved high lift type, 
19-2 for valves of full lift type. 

In cases where the capacity of a high discharge type 
safety valve has been established by test, special con- 
sideration will be given, if desired, to the use of a higher 
constant than C=19°2, up to a maximum of C=380 for full 
bore safety valves. 


SUPERHEATED STEAM 

409 For valves which have to pass superheated steam, 
the aggregate area of the valves is to be the area A required 
by 408, multiplied by the factor :— 


© 
(i+ i000) 


where T = degree of superheat, in degrees Fahrenheit. 


410 An approved type of safety valve of equally good 
and reliable design may be fitted in lieu of those described 
in this Section. 


Waste Steam Pipe 

411 For ordinary, high lift and improved high lift type 
valves, the cross-sectional area of the waste steam pipe and 
passages leading to it, is to be not less than 10 per cent greater 
than the aggregate area of the safety valves as calculated 
by the foregoing formule ; for other valves, the cross-sectional 
area of the waste steam pipe and passages is to be not less 
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than twice the aggregate valve area where C=19°2, and 
three times the aggregate valve area where C=30. 


Accumulation Tests 

412 All safety valves are to be set under steam to a 
pressure not greater than 8 per cent above the approved 
working pressure of the boiler. During a test of 15 minutes 
with the stop valves closed and under full firing conditions 
the accumulation of pressure is not to exceed 10 per cent 
of the loaded pressure. During this test no more feed water 
should be supplied than is necessary to maintain a safe- 
working water level. 

413 For accumulation tests on the safety valves of 
water tube boilers, see J 1703 and J 1704. 


Stop Valves 

414 One main stop valve is to be fitted to each boiler 
secured direct to the shell. There are to be as few 
auxiliary stop valves as possible so as to avoid piercing the 
boiler shell more than is absolutely necessary. The arrange- 
ment, however, is to be such that where more than one boiler is 
fitted itis possible to supply the steam whistle, the steam steering 
gear, and the electric light machinery from at least two boilers. 


Water Level Indicators on Cylindrical Boilers 

415 Every boiler is to be fitted with at Jeast two 
independent means of indicating the water level in it, one of 
which is to be a glass gauge. The other means is to be either 
an additional glass gauge or an approved equivalent device. 

On double-ended boilers the above two water level 
indicators are to be fitted at each end, one indicator being 
positioned on each side. 

On single-ended boilers, the water level indicators are 
also to be fitted one on each side of the boiler. 


416 A set of not less than two test cocks will be 
accepted as the approved equivalent device mentioned in 
415, for boilers having a working pressure less than 120 lb. 
per square inch or an internal diameter less than 6 feet. 

The test cocks are to be fitted, where practicable, 
direct to the boiler plating. 


417 The water gauges are to be readily accessible 
and placed so that the water level is clearly visible. 

The lowest visible part of the glass of the water gauge 
and the lower test cock, where test cocks are fitted, are to 
be situated at the lowest safe working water level. 


418 The level of the highest part of the effective 
heating surfaces, e.g. combustion chamber top of a horizontal 
boiler and the furnace crown of a vertical boiler, is to be 
clearly marked in a position adjacent to the glass water gauge. 
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419 he cocks of all water gauges are to be accessible 
from positions free from danger in the event of the glass 
breaking. 


420 If the water gauges are not fitted directly to the 
shell of the boiler but to stand pillars or columns, it is desirable 
that these pillars or columns should be bolted directly to the 
shell of the boiler. 1f they are connected to the boiler by 
means of pipes the pipes are to be fitted with terminal 
cocks, not valves, secured direct to the boiler shell. For 
boilers exceeding 10 feet in diameter the pillars are to be not 
less than 24 inches and the connecting pipes not less than 
4 inches internal diameter. _For boilers exceeding 7 feet 
6 inches but not exceeding 10 feet in diameter the pillars are 
to be not less than 2 inches and the pipes not less than 
1} inches internal diameter, and for boilers 7 feet 6 inches 
in diameter and under the pillars are to be not Jess than 
14 inches and the pipes not less than 1 inch internal diameter. 
The upper ends of the connecting pipes are to be so arranged 
that there is no pocket or bend where an accumulation of 
water from the condensation of the steam can lodge. They 
should not pass through the uptake if they can be otherwise 
arranged. If, however, this condition cannot be complied 
with, they may pass through it by means of a passage at least 
2 inches clear of the pipe all round, open for ventilation. 


421 For water level indicators on water tube boilers, 
see J 1706 and J 1707. 


Feed Check Valves 


422 ‘Two feed check valves, connected to separate feed 
lines, are to be provided for all main, auxiliary and donkey 
boilers which are required for essential services with the 
exception of boilers in which steam is generated exclusively 
by exhaust gas or steam, where one feed check valve will 
be accepted. (See E 701.) 

The feed check valves are to be attached, wherever 
practicable, direct to the boiler but where the arrangements 
necessitate the use of standpipes between the boiler and the 
check valves, these pipes are to be of steel or other approved 
material. 


423 For boiler feed water systems, see E 7, and for 
feed water fittings on water tube boilers, see J 1708 and 
J 1709. 


Pressure Gauges 

424 Lach boiler is to be provided with a separate steam 
pressure gauge. Double-ended boilers are to be provided with 
a pressure gauge at each end. ‘The gauges are to be placed 
where they are easily seen. 
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Blow-off and Scum Valves 

425 Lach boiler is to be fitted with a blow-off valve 
secured direct to the shell. The valve and its connections 
to the sea need not be more than 14 inches in diameter, and 
may be generally about }, inch in diameter for each foot in 
diameter of the boiler. It is, however, not to be less than 
4 inch in diameter. Vertical boilers are to be fitted with a 
blow-off cock or valve. 


426 Blow-off valves and scum valves (where these 
latter are fitted) of two or more boilers may be connected to 
one common discharge, but where thus arranged there are to 
be screw-down non-return valves fitted for each boiler to 
prevent the possibility of the contents of one boiler passing 
to another. 

For blow-off cock or valve on ship’s side and attachments, 
see E 267 and E 268. 


Salinometer Cock or Valve 

427 ach boiler is to be provided with a salinometer 
cock or valve secured direct to the boiler in a convenient 
position. The cock or valve is not to be on the water gauge 
standpipe. 


Section 5 
RIVETED CYLINDRICAL SHELLS 


501 For the cylindrical shells of steel marine boilers 
the maximum working pressure (which is designated by WP 
and is in lb. per square inch) to be allowed is to be calculated 
from the following formule :— 

Where the thickness of the shell plates does not exceed 
1} inches, 

_ (t—-2) x SxJ 
h Asi meter or TES 

Where the thickness of the shell plates exceeds 1 

inches and the longitudinal seams are made with double 


butt straps, 
tx SxJ 


WP= 335 x D 


In these formule 


t = thickness of the shell plates, in 32nds of an 
inch, 

S = minimum tensile strength of the steel shell 
plates, in tons per square inch, 

J = percentage of strength of the longitudinal 
seams calculated by the methods described 
in 502, 

D = inside diameter of the outer strake of plating 
of the cylindrical shell, measured in inches, 
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C = 2-75 where the longitudinal seams are made 
with double butt straps, 

2°83 where the longitudinal seams are made 
with lap joints and are treble riveted, 

2-9 where they are made with lap joints and 
are double riveted, 

3°3 where they are made with lap joints and 
are single riveted. 

502 The percentage of strength of a riveted joint (J) 
is found from the following formule, the first two being 
applicable to any type of joint, and the third to that type of 
joint in which the number of rivets in the inner rows is 
double that in the outer row. The lowest value given by 
the application of these formule is to be taken as the 
percentage of strength of the joint. 


Percentage of strength of plate at | _ 100(p—d) 


joint as compared with solid plate (> a= p 

Percentage of strength 100(S)x a xnxc) 

of rivets as compared > =- PEEL AS 
See (plea 


with solid plate 
Percentage of combined strength of the plate at the 
inner row of rivet holes and of the rivets in the outer row 


—100(p—2d) 100 (S, x a x C) 


p Sp xapexa) 
where p = pitch of rivets at outer rows, in inches, 

d = diameter of rivet holes, in inches, 

a = sectional area of one rivet, in square inches, 

n = number of rivets which are fitted in the 
pitch p. 

T = thickness of plate, in inches, 

S,= minimum tensile strength of plates, in tons 


per square inch, 

S,= shearing strength of rivets, which is taken 
generally to be 23 tons per square inch, 
and may be 85 per cent of the minimum 
tensile strength of the rivet bars, 

C = 1:0 for rivets in single shear as in lap joints, 
1-875 for rivets in double shear as in double 
butt-strapped joints. 


503 Where the longitudinal seams are fitted with 
double butt-strapped joints, the outer butt strap is to be 
at least 625 of the strength of the plate, and is to be of 
sufficient thickness to permit of efficient caulking of its 
outer edges. The inner butt strap is to be s% inch thicker 
than this. 

In cases where the number of rivets in the inner rows 
is double the number in the outer row, this will require the 
minimum thickness, in inches, of the outer strap (t,) to be 
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ws» Bex (pid) 
ee 8 x (p—2qd) oat 
and that of the inner strap (t,) to be 
— j_5 x (p—d) “i 
t, |S x (p—2d) x T | + stp inch. 


504 In all cases the clear space between a rivet hole 
and the edge of a plate is to be not less than the diameter 
of the rivet holes, i.e., the centre of the rivet hole is to be at 
least 1-5 diameters distant from the edge of the plate. 

In joints whether lapped or fitted with butt straps, 
in which there are more than one row of rivets and in 
which there is an equal number of rivets in each row, the 
distance between the rows of rivets is to be not less than 
“3383p + ‘67d with zigzag riveting, or 2d with chain 
riveting. 

In joints in which the number of rivets in the outer 
rows is one-half of the number in each of the inner rows, 
and in which the inner rows are chain riveted, the distance 
between the outer rows and the next rows is to be not less 
than *83p + ‘67d or 2d, whichever is the greater, and 
the distance between the rows in which there are the full 
number of rivets is to be not less than 2d. 

{n joints in which the number of rivets in the outer 
rows is one-half of the number in each of the inner rows 
and in which the inner rows are zigzag, the distance between 
the outer rows and the next rows is to be not less than 
‘2p + 1:15 d, and the distance between the rows in which 
there are the full number of rivets is to be not less than 
165p + 067d. 

In the above p is the pitch of the rivets in the outer rows. 


505 The maximum pitch, in inches, of the rivets in 
the longitudinal joints of boiler shells 
= (C x T) + 1% inches 
where T is the thickness of the plate in inches and C is a 
coefficient as given in the following Table :— 


Number of rivets | Coefficients for Rostra tee 
per pitch | lap joints strapped joints 

1 1°31 1:75 

2 2°62 3°50 

3 3°47 4°63 

4 4°14 5°52 

9) = 6°00 


506 If holes are cut in the cylindrical shells of boilers 
for fixing of mountings, the diameters of the holes being 
greater than 2°5 times the thickness of the shell plating 
plus 23 inches, compensation is to be fitted as in the 


“5 
case of manholes. (See J 201.) 
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507 Where more than three screw stays pierce the 
cylindrical shell in a horizontal line, if d is their diameter 
and p the pitch, 100 (p— d) should not be less than the 


percentage of strength required for the shell longitudinal 
joints. If this is not possible, stays are to be arranged 
out of line with one another longitudinally. 

508 The strength of the seams joining the end plates to 
the cylindrical shell is not to be less than 42 per cent of 
that of the solid shell plate. Where the shell plates exceed 
§ inch in thickness the seams connecting the shell plates to 
the end plates are to be at least double -riveted. Where the 
shell plates exceed } inch in thickness the intermediate 
circumferential seams of double-ended boilers are to be at 
least double riveted. 

509 The circumferential seam at or near the middle of 
the length of single-ended boilers is to have a strength 
of joint not less than 60 per cent of the solid plate. 
The inner circumferential seams of double-ended boilers 
are to have a strength of joint not less than 62 per cent of 
the solid plate. In any case there are to be at least three 
rows of rivets where single-ended boilers have shell plates 
over 12 inches in thickness and where double-ended boilers 
have shell plates over 1,3, inches in thickness, 

510 The circumferential seams of the shells of vertical 
boilers are to have a strength of not less than 42 per cent 
of the solid plate. Where these seams are not complete 
circles, and where the shell plates exceed § inch in 
thickness, the riveting is to be at least double. 


Section 6 
FURNACES 


Note :—Furnaces, plain or corrugated, are not to ewceed 33 inch 
in thickness. 


Corrugated Furnaces 
601 The working pressure to be allowed on corrugated 
furnaces is to be determined by the following formula :— 


erly (eae Y 
WP = a 


where WP = working pressure, in lb. per square inch, 
D = external diameter measured at the bottom 
of the corrugations, in inches, 


t = thickness of the furnace plate, in 32nds - 


of an inch, measured at the bottom of 
the corrugation or camber, 

C = 480 for the Fox, Morison, Deighton 
Purves and other similar furnaces, 
510 for the Leeds Forge Bulb Suspension 
furnace. 
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Plain Furnaces and Combustion Chamber Bottoms 
602 The working pressure to be allowed on plain fur- 
naces or furnaces strengthened by the Adamson or other 
joints, and on the cylindrical bottoms of combustion 
chambers, is to be determined by the following formule, 
the least pressure obtained by either formula being taken :— 


wp = _C(t—D 


~ (L4+24)xD 


or WP-= Cx [10 (t= 1)—L] 


where WP = working pressure, in ]b. per square inch. 


D = external diameter of the furnace or com- 
bustion chamber, in inches, 


t = thickness of the plate, in 32nds of an 
inch, 

L = length of the furnace or of combustion 
chamber bottom or the length between 
points of substantial support, in inches, 
measured from the centres of the rivet 
rows or from the commencement of flange 
curvature, whichever is applicable, 


C = 1450 where the longitudinal seams are 
welded and 1800 where they are riveted, 


C,= 50 where the longitudinal seams are 
welded and 45 where they are riveted. 


603 Where the furnaces are tapered, the diameter to 
be taken for calculation purposes is to be the mean of that 
at the top and of that at the bottom where it meets the 
substantial support from flange or ring. The length for 
the same purpose is to be the distance from the centre 
of the row of rivets connecting the crown to the body of 
the furnace, to the substantial support at the bottom of the 
furnace or to a row of screwed stays connecting the furnace 
to the shell, provided the pitch of stays at the furnace does 
not exceed 14 times the thickness of the furnace plate where 
the stays are riveted at their ends, and 16 times where they 
are fitted with nuts. Such screwed stays are to be in diameter 
over the threads not less than 2°25 times the thickness of 
the furnace plate. 


Furnaces of Spherical Form 


604 Where the furnaces are spherical in form and 
convex upwards at their tops, and are without support 
from stays of any kind :— 


O7F iii 
WP = 275 3 1) 
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where WP = working pressure, in lb. per square inch, 
t = thickness of the top plate, in 32nds of an 

inch, 
R = outer radius of curvature of the furnace 


in inches. 


Uptakes of Vertical Boilers 


605 ‘The working pressure to be allowed on internal 
uptakes of vertical boilers is to be determined by the 
following formule, the least pressure obtained by either 
formula being taken :— 


WP = 


or WP = © x [10 (t —5) —L] 


where WP = working pressure, in lb. per square inch, 


D = external diameter of the uptake, in 
inches, 

t = thickness of the uptake, in 32nds of an 
inch, 

L = length of the uptake between points of 
substantial support, in inches, measured 
from the centres of the rivet rows, 

C = 1450 where the longitudinal seams are 
welded and 1800 where they are riveted, 

C,= 50 where the longitudinal seams are 


welded and 45 where they are riveted. 


Cross Tubes 

606 
is to be determined from the following formula, but is in 
no case to be less than % inch :— 


The thickness of cross tubes in cross tube boilers 


~— WP xD +7 
200 
where WP = working pressure, in lb. per square inch, 
t = minimum thickness, in 32nds of an inch, 
D = internal diameter of the cross tube, in 


inches. 


Ogee Rings 
607 For the 


the furnace to the 


ogee ring which connects the bottom of 
shell, and sustains the whole load on the 
furnace vertically :— 

140 (t — 1)? 


Dx (D—d) 


working pressure, in lb. per square inch, 


WP = 


where WP 


t = thickness of the ogee ring, in 32nds of 
an inch, 
D = inside diameter of the boiler shell, in 


inches, 
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d = outside diameter of the lower part of the 
furnace where it joins the ogee ring, in 


inches. 


Section 7 


FLAT PLATES SUPPORTED BY STAYS SECURED 
IN VARIOUS WAYS 


701 The working pressure to be allowed on flat plates 
supported by stays is to be calculated by the following 
formula :— 

Bo ped wae, 
WP = a? + b? 
In this formula and in the formule in 708 to 711 


W P = working pressure, in lb. per square inch, 


t = thickness of the flat plate, in 32nds of an 
inch, 
t,, = thickness of the washers, strips, or doublings 
employed, in 32nds of an inch, 
a = distance apart of the rows of stays, in inches, 
b = pitch of the stays in the rows, in inches, 


C is a coefficient which varies with the method of 
fixing the stays as follows :— 

Where the plates are exposed to flame and the stays are 
screwed into the plate and their ends are riveted over, 
C = 50. Where the plates are not exposed to flame and 
the stays are screwed into the plate and their ends are 
riveted over, C = 57. In these cases the thickness of the 
plate is to be at least half the diameter of the stay required 
by the Rules. 

Where stay tubes are screwed into tube plates and 
expanded, C = 52. If they are fitted with nuts, C = 72. 


Where the plates are exposed to flame and the stays are 
screwed into the plate and fitted with nuts on the outside, 
C =%5: 
C = 86. 

Where the stays pass through the plates not exposed to 
flame and are fitted with nuts inside and outside, C = 96, 
and where the plates are exposed to flame, C = 84. 


Where the plates are not exposed to flame, 


702 Where plates are stiffened by flanging, the inner 
radius of which is not greater than 2°5 times the thickness 
of the plate, for the support thus given C = 110 where 
the plates are not exposed to flame and C = 96 where 
they are exposed to flame. The pitch is to be reckoned 
from the commencement of the curvature. 
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703 For portions of plate where the stays are irregu- 
larly pitched d? is to be used instead of a? + b’, d being 
the diameter of the largest circle which can be drawn passing 
through not less than three points of support, ie., the 
centres of stays or the commencement of the curvature of 
flanging whichever is applicable. In this case C is to be 
taken as the mean of the values appropriate for the points 
of support. 


704 For the tops and sides of combustion chambers the 
distance between the rows of stays nearest to the back tube 
plate or the back plate respectively and- the commencement 
of curvature of these plates at their flanges is to be not 
greater than a. 


705 The stays of the combustion chambers are to be so 
placed that the seams of the plates can be caulked without 
removing the stay nuts. 


706 For the tops of combustion chambers where they 
are joined to the sides by curved portions, if the outer radius 
of the curved portion is less than half the allowable distance 
between the girders, the distance between the first girder 
and the inner surface of the side plate is not to exceed the 
allowable distance between the girders. If the radius of 
the curved portion is greater than half the allowable 
distance between the girders, the width of the flat portion 
measured from the centre of the girder is to be not more 
than half the allowable distance between the girders. 


707 Where portions of plate are supported by stays 
secured in different ways the value of C to be taken is the 
mean of the values appropriate to the method of securing 
the supporting stays. 


708 Where the plate is supported by stays which 
pass through it and are fitted with nuts inside and washers 
and nuts outside, the diameter of the washers being at 
least 3-5 times that of the stay, and their thickness at least 
two-thirds of that of the plate but not greater than that of 
the plate :— 

100 


Meee, QS chaD? 


C(t — 1)? +15 t,2] 


709 Where the washers have a diameter of at least 


two-thirds of the pitch of the stays and a thickness of at — 


least two-thirds of the thickness of the plate but not greater 
than that of the plate and are riveted to the plate in an 
eflicient manner :— 


wp = __100 


at yp CC = 1? + 95 84] 
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710 Where the plate is stiffened by strips at least 
two-thirds of the pitch of the stays in breadth and having a 
thickness at least two-thirds of that of the plate but not 
greater than that of the plate and which are riveted to the 
plate in an efficient manner :— 

100 
poral s 

711 Where the plate is fitted with doubling plates 

having a thickness of at least two-thirds of that of the 


[(t — 1)? + 55 t,?] 


plate but not greater than that of the plate and which are 
riveted to the plate in an efficient manner :— 


100 P =a 
WP = ———,,, [(t -— 1)? + ‘85 t,? 
a? + b? C¢ ) Ae J 

712 For the portions of tube plates in the nests of 

tubes :-— 
ats 2 
a 

where WP = working pressure, in lb. per square inch, 

t = thickness of the tube plate, in 32nds of 
an inch, 

p = mean pitch, in inches, of the stay tubes 
supporting any portions of the plate 
(being the sum of the four sides of the 
quadrilateral divided by 4), 

C = 38 where the stay tubes are screwed and 
expanded into the plate and nuts are not 
fitted, 

49 where the stay tubes are screwed and 
expanded into the plate and fitted with 
nuts. (See J 1206.) 


718 For the wide water spaces of front tube plates 
between the nests of tubes and between the wing rows of 
tubes and the shell :— 

_ C[(t—1)?+"55t,?] 
" aobe 


where WP = working pressure, in lb. per square inch, 


WP 


t = thickness of the front tube plate, in 
32nds of an inch, 

t, = thickness of the doubling plate, where 
so fitted, in 32nds of an inch, 

a = horizontal pitch of stay tubes, in inches, 
measured across the wide water space, 

b = vertical pitch of stay tubes in the bound- 
ing rows, in inches, measured from 
centre to centre, 
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C = 52 where the stay tubes are screwed and 
expanded into the tube plate and nuts 
are not fitted, 

72 where the stay tubes are screwed and 
expanded into the tube plate, and nuts 
are fitted to each stay tube, 

63 where the stay tubes are screwed and 
expanded into the tube plate, and nuts 
are fitted only to alternate stay tubes. 


714 If steel of less strength than 26 tons per square 
neh is used for flat plates, the working pressure allowed 
to be correspondingly reduced. 


Section 8 
TUBE PLATES UNDER COMPRESSION 


801 The pressure to be allowed on tube plates is to be 
calculated by the following formula, in which the com- 
pressive stress is taken at 14,000 Ib, per square inch :— 


(D—d) xt 
Wx D 


where WP = working pressure, in lb. per square inch, 


Wii 78 700% 


t = thickness of the tube plate, in 32nds of 
an inch, 


D = horizontal distance apart of the tubes, 
centre to centre, in inches, 

d = internal diameter of the plain tubes, in 
inches, 

W = width of combustion chamber, in inches, 
measured inside from tube plate to back 
chamber plate, or between tube plates in 
double-ended boilers with combustion 
chambers common to two opposite 
furnaces. 


Section 9 


TUBE PLATES OF VERTICAL BOILERS 


901 Where vertical boilers have a nest or nests of 
horizontal tubes so that there is direct tension on the tube 
plates due to the vertical load on the boiler ends or to their 
acting as horizontal ties across the shell, the thickness of 
the tube plates and the spacing of the tubes are to be such 
that the section of metal taking the load is sufficient to keep 
the stress within that allowed on the shell plates. 
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902 Each alternate tube in the outer vertical rows of 
tubes is to be a stay tube. The tube plates between the stay 
tubes are to be in accordance with J 712 and in addition :— 
_ (t—2) x § x (p —q) x 100 

bbe a 29x Dxp 
where WP = working pressure, in lb. per square inch, 


S = minimum tensile strength of the steel 
plate, in tons per square inch, 


t = thickness of the tube plate, in 32nds 
of an inch, 


D = twice the radial distance of the centre of 
the outer row of tube holes from the axis 
of the shell, in inches, 


p = vertical pitch of tubes, in inches, 
d = diameter of the tube holes, in inches. 


The least working pressure obtained by the above 
formula and that in J 712 is to be taken. 


Section 10 
GIRDERS 


1001 For girders supporting the tops of combustion 
chambers the following formula is to be used :— 
Crazy S 
(L—P) x D x L*28 
where WP = working pressure, in lb. per square inch, 


WP = 


d = depth of the girder at centre, in inches, 

t’= thickness of the girder at centre, where 
this is a forging, or the sum of the 
thicknesses of the plates where the girder 
is made of two plates, measured in 32nds 
of an inch, 

L = length of the girder, in inches, measured 
between the tube plate and back chamber 
plate inside, or between tube plates in 
chambers common to two opposite 
furnaces, 

P = pitch of stays supported by the girder, 
in inches, 

D = distance apart of the girders, centre to 
centre, in inches, 

S = minimum tensile strength of the material 
forming the girder, in tons per square 
inch, 


c= —" _x 495, where the number of stays 
(N) in each girder is oda, 


—-x 495, where the number of stays 
(n) in each girder is even. 
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Section 11 
STAYS 
Screw Stays 


1101 For screw stays with threads not coarser than 9 
threads per inch, made of steel or of special wrought iron 
tested to the requirements of P 8, the following formula is 
to be used, but in no case is the stress to exceed 9,000 lb. per 
square inch : — 

WP = (d— 2eiy x 8250 


where WP = working pressure, in lb. per square inch, 
d = diameter of the stay over the thread, in 
inches, 


a = area, in square inches, supported by one 
stay. 


Longitudinal Stays 


1102 For steel longitudinal stays with threads not 
coarser than 6 threads per inch the working pressure is to be 
calculated from the following formula, but in no case is the 
stress to exceed 11,000 lb. per square inch where steel of a 
minimum tensile strength of 28 tons per square inch is 
used :— 

wp = (d —"840)?x 9500 |S 
Bis nis 28 


where WP = working pressure, in lb. per square inch, 


d = diameter of ‘the stay over the thread, in 
inches, 

a = area, in square inches, supported by one 
stay, 

S = minimum tensile strength of the steel, in 
tons per square inch. 


1103 In cases where longitudinal stays are made with 
enlarged ends and the body of the stay is smaller in 
diameter than at the bottom of the thread, and in cases 
where coarser threads than 6 per inch are used, the working 
pressure is to be calculated from the following formula :— 
(d'—"125)? x 9500 | S 


ve a 28 


d' = diameter of the stay at the bottom of . 


the thread, in inches, or at the smallest 
part of the body. 


Other symbols as defined in 1102. 


Cross-reference 
1104 See also requirements of J 108 to J 112. 
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Section 12 
BOILER TUBES, PLAIN AND STAY, AND 
SUPERHEATER TUBES 


1201 Where tubes are made of steel, the material is to 
comply with the relevant requirements of P 13. 


1202 The following table gives the working pressures 
permissible with plain boiler tubes of standard thicknesses, 
whether of lapwelded wrought iron or of lapwelded or seamless 
mild steel :— 


{ 
Outside 
diameter | Standard thicknesses Working pressures in 
of tube in in L. 8. G. lb. per square inch 
inches 
AVG B oOpOsgsD A B Cc D 
2 1FE10) FO 155 215 300 
2} 11 10 9 8 140 190 260 330 
2 EES at 125 175 2380 300 
23 i On oes 110 160 215 275 
3 10 8°92 37 140 190 250 300 
3} LO OMS ha? 130 180 2380 280 
34 10 Oe Soe? 120 165 215 260 


1203 On stay tubes, whether of wrought iron or of 
steel, a working stress of 7,500 lb. per square inch of the 
net sectional area at the bottom of the thread is allowed. 


1204 The minimum thickness of stay tubes measured 
under the threads is to be } inch for marginal stay tubes 
and ,°,; inch for other stay tubes. 


1205 Stay tubes are to be screwed at both ends with 
continuous threads, and the holes in the tube plates are to 
be tapped with continuous threads. he pitch of the thread 
is to be not finer than 10 threads per inch. It is desirable 
however that they should be screwed to the standard 
9 threads per inch. The stay tubes are to be expanded by 
roller expanders and not made tight by caulking only. 


1206 Nuts are not to be fitted to stay tubes at the 
combustion chamber end. 


1207 If stay tubes are increased in thickness at the 
screwed ends so that the thickness at the bottom of thread 
is practically the same as in the body of the tabe, the 
thickening is to be attained by upsetting and not by any 
welding process, and the tubes are to be annealed after the 
upsetting. 
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Tubes for Superheaters attached to Cylindrical Boilers 
1208 


calculated by the following formula :— 


The minimum thickness of the tubes is to be 


<< WP x d 47 
75 
where WP = working pressure in the boiler, in lb. per 
square inch. 
d = external diameter, in inches. 


t = thickness, in 100ths of an inch. 


Section 13 
DISHED END PLATES WITHOUT STAYS 


1301 For ends of boiler drums and receivers, crowns 
of vertical boilers and other similar plates dished to partially 
spherical form subject to pressure on the concave side, but 
not exposed to flame, and having no unreinforced opening 
greater than four times the thickness of the plate, the 
working pressure to be allowed is to be determined by the 
following formula or, if desired, by the formula in J 1605 :— 
480 x S(T —:03) 
oe EY en 
working pressure, in lb. per square inch, 
thickness of the end, in inches, after 
dishing but in no case to be less than the 
thickness of a seamless unpierced shell of 
the same diameter and material, 
minimum tensile strength of the material 
in tons per square inch, 


WP = 


where WP 
T= 


R = inside radius of curvature of end, in 
inches, which is not to exceed the outside 
diameter of drum end. 

The inside corner radius is to be not less than four 
times the thickness of the end plate and in no case less 


than 24 inches. 


1302 Proposals to make dished end plates of semi- 
elliptic form will be considered provided full details are 
submitted before the work is commenced. 


1303 Where the end is provided with a flanged man- 
hole the thickness of the end in inches obtained by the 
formule in 1301 is to be increased by } inch and the depth 
(F) of the manhole flange, measured in inches from the 
outer surface at the minor axis is to be not less than 


F=/T, x W 
where T, = required thickness of the end plate, in 
inches, 


W = minor axis of the manhole, in inches. 
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1304 Where the end is provided with large openings 
for branches, mountings, or unflanged manholes the thick- 
ness of the end, as determined by the formule in 1801, 
is to be increased by } inch and adequate compensation 
is to be provided, at least equivalent to the cross sectional 
area obtained by multiplying the diameter or major axis of 
the opening cut in the end piate by the thickness required 
for an-equivalent unpierced end. 

1305 Where the end is provided with small openings 


greater than four times the thickness of the end plate, local 
compensation is to be provided. 


1306 Where the end or crown is a complete hemisphere 
without stays or other supports, and is made in more than 
one plate, the working pressure to be allowed is given by the 
following formula :— 


t—2)SxJ 
Wes 
where WP = working pressure, in lb. per square inch, 
t = thickness of the plates, in 32nds of an inch, 
S = minimum tensile strength of the steel 
plates, in tons per square inch, 
J = strength of riveted joint as a percentage 
of the solid plate, 
R = inner radius of curvature, in inches, 
C = 2°83 for treble riveted, 


2-9 for double riveted, 
3°3 for single riveted. 


WATER TUBE BOILERS 
Section 14 
GENERAL REQUIREMENTS 


1401 In the design and construction of water tube 
boilers intended for working pressures up to 1,500 lb. per 
square inch the following conditions are to be observed. 


Materials 

1402 The materials are to comply with the relevant 
requirements of Chapter P. 

Where it is proposed to use alloy steels for superheater 
headers or tubes, particulars of the appropriate British or 
other national standard material specifications with details 
of the chemical compositions, heat treatment and mechanical 
properties are to be submitted for consideration. 


1403 Where the material does not conform to an 
established standard, particulars of the long-term creep 
and rupture data at the operating temperature are to be 
submitted in addition to the details required by 1402 for 
the purpose of assessing a safe working stress. 
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If the long-term creep data has been estimated, details 
of the method of estimation are also to be submitted. 

Particulars of scaling and corrosion resistance of the 
material under the operating conditions are to be submitted 
when required. 


Protection of Drums and Headers 

1404 Where any parts of the boiler drums or headers 
are not protected by tubes and are exposed to radiation from 
the fire, or to the impact of hot gases, they are to be protected 
by a shield of good refractory materials or by other approved 
means. 


Access Arrangements : 

1405 Manholes are to be provided in all drums of 
sufficient size to permit of access for internal examination 
and cleaning and for fitting and expanding the tubes. In the 
case of headers for water walls, superheaters or economisers 
and of drums which are too small to permit entry, sight 
holes or mud holes sufficiently large and numerous for these 
purposes are to be provided. 

1406 Doors for manholes, mud holes and sight holes 
are to be formed from steel plate or of other approved 
construction and all jointing surfaces are to be machined. 

The doors are to be of the internal type and are.to be pro- 
vided with spigots which have a clearance of not more than 
yg inch all round, ie. the axes of the opening are not to 
exceed those of the door by more than } inch. 


1407 Doors for openings not larger than 9 inches x 
7 inches need only be fitted with one stud which may be 
forged integral with the door. Larger doors are to be 
provided with two studs screwed through the door and fitted 
with nuts on the inside or alternatively, bolts may be used 
screwed through the door with the heads inside; other 
methods of attachment may be accepted provided details 
are submitted for consideration. 

The crossbars or dogs are to be of steel. 

Vor smaller circular openings in headers and similar 
fittings an approved type of plug may be used. 


Section 15 
CONSTRUCTION OF WATER TUBE BOILERS 


Seamless Drums 


1501 Seamless forged drums are to be made in ~ 


accordance with the requirements of P 11. 
Welded and Riveted Drums 

1502 Drums of welded construction are to be made 
in accordance with the requirements of J 18 to J 23 in so 
far as they are applicable. 
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1503 Drums of riveted construction are to be made 
in accordance with the requirements of J 5. Where the 
internal diameters of the drums are less than 100 times the 
thickness of the plating at the seams, the type of longi- 
tudinal joints is to be such that the line of mean thickness 
of shell plating closely approximates to cylindrical form. 
Ordinary riveted lap joints are not considered suitable for 
this purpose. 


1504 Drum shell plates are to be of cylindrical form 
and are to be bent entirely by machine ; local heating and 
hammering is not to be employed. Where the plate is bent 
to an internal radius of less than 20 times the plate thick- 
ness ib is to be efficiently heat treated after bending. Drum 
ends are to be made from one piece of rolled plate. 


1505 All steel plates which are dished, flanged or 
locally heated are afterwards to be annealed or normalised. 


Thinning of Plates 


1506 Where the tube plate is thicker than the drum 
shell plate, the tube plate, in way of the longitudinal and 
circumferential seams, is to be reduced in thickness by an 
equal amount on each side of the plate to the same thickness 
as the shell plate. This reduction in thickness is to be 
gradual and carried out by machining. 


The thinning of dished end plates in way of buttwelded 
joints is also to be carried out by machining but may be 
made from one side of the plate. 


Tube Holes 


1507 The tube holes in drums or headers are to he 
formed in such a way that the tubes can be effectively 
tightened in them. Where the tube ends are not normal 
to the tube plates, there is to be a neck or belt of parallel 
seating of at least 4 inch in depth measured in a plane 
through the axis of the tube at the holes. Where the tubes 
are practically normal to their plates, this parallel seating 
is to be not less than Zinch in depth. 


Tube Ends 


1508 ‘Tubes are to be carefully fitted in the tube holes 
and secured by means of expanding and belling or by other 
approved methods. Tubes are to project through the neck 
or belt of parallel seating by at least } inch and where they 
are secured from drawing out by means of bellmouthing 
only the included angle of belling is to be not less than 30°. 
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Hydraulic Tests 

1509 In all new boilers working at pressures up to 
100lb per square inch the hydraulic test is to be twice the 
approved boiler pressure. For boilers working at pressures 
greater than 100lb per square inch the hydraulic test 
pressure is to be 1° times the approved boiler pressure plus 
50Ib per square inch. 


1510 Al! boiler mountings are to be subjected to a 
hydraulic test of twice the approved boiler pressure with the 
exception of feed check valves and other mountings con- 
nected to the main feed system which are to be tested to 
2° times the approved boiler pressure, or twice the 
maximum pressure which can be developed in the feed line 
in normal service, whichever is the greater. 


Section 16 


SCANTLINGS OF DRUMS, ENDS, HEADERS 
AND TUBES 


Cylindrical Shells 

1601 When plans of water tube boilers are submitted 
for approval particulars of the safety valves and their dispo- 
sition on boiler and superheater, together with the estimated 
pressure drop through the superheater, are to be stated. The 
pressures proposed for the settings of boiler and superheater 
safety valves are to be indicated on the boiler plan. 

1602 The thickness of drum shell plates, which are 
unpierced by tube holes, is to be determined by formula 1. 
Where, however, the thickness obtained by that formula 
exceeds 10 per cent of R then formula 2 is to be used. For 
shells with riveted joints see J 5. 


PRESSURE VESSELS Chapter J 
Wren <b4) < 

(1) t= Cxf +2 
mS Wiee x theo 

@) ‘Cx y= Wren 


where t = thickness of plate, in 32nds of an inch, 


WP = maximum working pressure, in lb. per square 
inch, 


R 
C is a coefficient having a value of 
2 for seamless shells, 
1-8 for fusion welded joints and 
1°6 for forge welded joints. 


internal radius of the shell, in inches, 


f = nominal stress, in lb. per square inch. 


For shells with metal temperatures up to and including 
650° F., fis to be taken as } of the specified minimum 
tensile strength of the material. 


For seamless superheater drums and headers with metal 
temperatures above 650° F., the nominal stress f is to be 
taken from Table 1 which gives values for a number of 
wrought steels of approved composition in common use. 
Values of f for other steels will receive special consideration. 
(See J 1403.) When evaluating the stress f, the metal temp- 
erature is to be taken as not less than the maximum 
steam temperature plus 50° F. unless the headers are 
situated outside the boiler casing. 


The temperature limitations indicated in Table 1 are 
maxima for the types of steel listed but are not necessarily 
acceptable for all steels of these types. 


TABLE 1 
MATERIAL NOMINAL STRESS IN LB. PER SQUARE INCH AT 
aS == | FOLLOWING METAL TEMPERATURES IN °F. 
Minimum | — 
TYPE tensile 
OF STEEL | fons ser | 650 700 750 800 850 900 950 1000 1050 
sq. inch 
24 13400 13200 12000 10500 8000 6000 — — —- 
Gach 28 15700 15200 13400 11300 8600 6000 -- — -— 
acta 32 17900 17200 | 14800 12100 9200 6000 _ — — 
36 20200 19200 16200 12900 9600 6000 i -_— -— 
4%, Mo 26 14600 14600 14600 14200 13400 11000 6500 -— — 
” 31 17400 17400 17400 16600 15400 12000 6500 -- “= 
1% Cr. }%/ Mo 27 15100 15100 15100 14800 13800 11500 7800 4800 2800 
Os By Oo 31 17400 | 17400 17400 16800 15600 12500 8000 4800 2800 
pittis 24sbble il Sled | 
24% Cr. 1% Mo. 27 15100 15100 | 15100 14800 13800 11500 7800 6000 4600 
| 
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Tube Plates 


1603 The thickness of drum tube plates and cylindrical 
headers which are drilled for tubes is to be determined by 
the following formula:— 


Gree WE DOR x 64 +2 
“Ts x fxeE— WP” 


where t, WP and f are as defined in 1602, 
R = internal radius of tube plate, in inches, 


E = efficiency of ligaments between tube holes ex- 
pressed as a fraction and calculated in accordance 
with 1604. 


Ligament Efficiency 

1604 Where tube plates or header shells are drilled 
for tubes the ligament efliciency between tube holes shall be 
determined by the following methods and the lowest value 
obtained shall be used in the formula of 1603 for tube plate 
thickness. Method 2 is only applicable where the tube holes 
are arranged in lines parallel to the axis so as to form a 
staggered arrangement with aA, ligaments. 


=e AXIS 
“as DRUM 


(2) Mirae cincpinP SEP AP pr 000)? 7 
(P? + ‘5P,?) (Pp — 95d) + P x Po x ‘875d 
where E = ligament efficiency, expressed as a fraction, 
P = longitudinal pitch of tube holes, in inches, 
P. = circumferential pitch of tube holes, in inches, 
in line cireumferentially measured at the mid- 
thickness of the plate, 


P, = diagonal pitch of tube holes, in inches, measured 


at the mid-thickness of the plate, 
d = mean effective diameter of tube holes, in inches. 


The circumferential pitch P¢ is to be such that the 
circumferential ligament efficiency is equal to or greater than 
half the ligament efficiency on the longitudinal axis. 
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Dished End Plates 

1605 Where drum ends for boilers and headers are 
dished from plates and are subject to pressure on the concave 
side they are to comply with the following :— 


(a) For ends dished to partial spherical form the 
inside radius of dishing, R, is to be not greater than the 
outside diameter D. 


The inside corner radius, r, is to be not less than four 
times the plate thickness and in no case less than 24 inches. 


(b) For ends having no unreinforced opening greater 
than four times the plate thickness, the working pressure to 
be allowed is to be determined by the following formula:— 


r 
ee ea re FV R 
Mae 38 x D? Tole 


where WP = working pressure, in lb. per square inch, 

T = thickness of the end, in 82nds of an inch, after 
dishing which in no case is to be less than the 
thickness of an unpierced shell of the same 
diameter and material, 

f = nominal stress, in lb. per square inch, having 
values as stated in 1602, 

= outside diameter of end, in inches, 


D 

R = inside radius of dishing, in inches, 
r = inside radius of corner, in inches, 
h 


= external height of dishing, in inches, measured 
from the centre of the corner radius, which is 
to be calculated as follows:— 


\ / 
h=R,— WAGS ) (Ro + D2), 
R, = outside radius of dishing, in inches, 


r, = outside radius of corner, in inches. 


1606 Proposals to make dished ends of semi-ellipsoidal 
form will be considered provided details are submitted before 
the work is commenced. 
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Flat End Plates 
1607 


the methods shown in J 18, Fig. 1 the working pressure is to 


For unstayed flat end plates attached by one of 


be determined by the following formula :— 
t—1)? x 
wp= (—D? xf 
150 x D? 
where WP = working pressure, in lb. per square inch, 
t = thickness of plate, in 32nds of an inch, 
f = nominal stress, in Ib. per square inch, 
having values as stated in 1602, 
D = inside diameter in inches. 


Manhole Compensation 


1608 Where a dished end is provided with a flanged 
manhole the thickness of the end obtained by the formula 
in 1605 is to be increased by at least 15% but in no case less 
than } inch and the depth of the manhole flange is to be 
determined as follows :— 


F=vT,xW 


where F = depth of manhole flange, in inches, measured 
from the outer surface at the minor axis, 
T, = required thickness of end plate, in inches. 
W = minor axis of manhole, in inches. 


Headers of Rectangular Section 


1609 ‘The working pressure to be allowed for solid 
drawn and forged headers of rectangular section is to be 
determined by the following formule (1) and (2) whichever 
gives the lower pressure :— 


where WP = maximum working pressure, in lb. per 
square inch, 

nominal stress, in lb. per square inch, 
having values as stated in 1602, 


= wall thickness, in inches, minus 0°06 inch, 
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B = internal length, in inches, of the side 
under consideration, 

D = internal length, in inches, of supporting 
side, at right angles to dimension B, 

E = minimum longitudinal efficiency of liga- 
ment between tube holes or hand holes, 
expressed as a fraction, 

K is a coefficient having values dependent on 
the ratio of A and is to be calculated as 
follows:— 


c= [P-O-9] 


Norr.—K as calculated may be + but the numeri- 
cal value only is to be taken for use in formula 2. 


A = distance between centre line of tube 
holes or hand holes and the nearest sup- 
porting side, in inches ; where there are 
more than one row of tube holes in the 
length B, the value of A which gives a 
maximum K is to be selected. 


Cross-reference 
1610 For details of hand holes and doors, see J 1405 
to J 1407. 


For details of tube holes and fitting of tubes, see 
J 1507 and J 1508. 


Tubes 
1611 The 
determined by the following formule :— 


minimum thickness of tubes is to be 


For all boiler and economiser tubes :— 


WP x d 


‘=x 5 


+15d+4+4 


For superheater tubes :— 


pe WP xd ne 
K 
where WP = working pressure in the boiler, in Ib. per 

square inch, 

d = external diameter, in inches, 

S = minimum tensile strength of the tube 
material, in tons per square inch, 

t = thickness, in 100ths of an inch. 


K is a coefficient given in Table 2. 
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TABLE 2 


The estimated metal temperature of the superheater 
tubes is to be stated when plans are submitted for approval 
but in no case is a temperature less than the maximum 
steam temperature plus 50° F. to be taken when evaluating 
K. For temperatures intermediate between those listed 
in the table and for carbon steels with tensile strengths 
intermediate between 20 and 28 tons per square inch, the 
values of K may be obtained by interpolation. 


The thicknesses derived from these formule are minima 
and further provision is to’ be made for minus tolerances 
where necessary. 

Where it is proposed to use other alloy steels for 
superheater tubes, particulars are to be submitted for 
special consideration in accordance with J 1402. 


The formula for boiler tubes does not provide for 
adverse corrosion conditions and boiler tubes intended 
for low pressure boilers of 250 Ib. per square inch working 
pressure and under with open feed systems are to be 
made one gauge thicker than required by the formula. 


1612 The thickness of downcomer tubes and pipes 
which form an integral part of the boiler and which are 
not exposed to combustion gases is to comply with th 
Rules for steam pipes. ; 


Standpipes 


1613 Where standpipes and branches are attached to 
drums or headers by means of welding or by screwing 
and seal welding the minimum wall thickness for metal 


J 1612 - J 1702 


Minimum 
| tensile 
TUBE STEEL strength 
tons per 
| sq. inch | 
| 650 700 750 
20 | 200. «192-180 
Carbon | 
28 280-260 240 
4% Mo. | 25 250 250 250 
1% Cr., $% Mo. ... 27. .| 270 | 270 | 270 
23% Or., 1% Mo.... | 27 270 270 + = 270 
18% Cr., 12% Ni., | 
babii Me Nal sinatanees 35 280 278 | 276 | 


_274 | 


Nore: For 18% Cr., 12% Ni. 1% Nb. material, the Niobium content is not to be less than 10 times the Carbon content. 


298 


SUPERHEATER TUBES—VALUE OF COEFFICIENT K AT | 
FOLLOWING METAL TEMPERATURES IN °F. 


850 900 950 1000 1050 1100 1150 1200 
800: |° 193 | 120 | 160°P ise Peng LS Pee ee eer | 

NigedndiGe okt uk woes Madina eco | 

250 220 160 — 

a70 | 930 | 900 | 140} 9) — | | 

970 | 350 | 220.| 180 | 140.) — |o— a) — 

272 270 267 264 260 200 140100, 


temperatures up to 650° F. is to be determined by the 
following formula but in no case is to be less than } inch :— 


t=14D 4+ 6 
where t = thickness of standpipe or branch, in 82nds 
of an inch, 
D = nominal bore, in inches. 
For metal temperatures above 650° F. the wall thick- 
ness is to be not less than that required by the above 


formula or by the formula for shells in 1602, whichever is 
the greater. 


1614 Every flange is to have a fillet with a radius not 
less than the thickness of the neck to which it is attached. 


Section 17 


BOILER MOUNTINGS AND FITTINGS 
FOR WATER TUBE BOILERS 


Safety Valves 

1701 The safety valves in number, area and design are 
to be in accordance with the requirements of J 403 to J 411, 
and are to be so disposed and proportioned that the super- 


heater will be protected from overheating in all normal 
circumstances. 


Waste Steam Pipe 

1702 The waste steam pipe and passages leading to it 
from the safety valves are to be in accordance with the 
requirements of J 411. 
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Safety Valve Settings 


1703 All boiler and superheater safety valves are to be 
set under steam to their respective working pressures which are 
to be not greater than 3 per cent above the pressure for which 
the boiler is approved. In the setting of superheater safety 
valves, allowance is to be made for the pressure drop through 
the superheater so that under discharge conditions the 
pressure in the boiler will not exceed the approved boiler 
pressure. 


In no case shall the superheater safety valve setting 
exceed by more than 8 per cent the pressure for which the 
steam piping and shafting are approved. 


Accumulation Tests 

1704 Tests for accumulation of pressure are to be 
carried out with the stop valve closed and under full firing 
conditions for a period not exceeding 7 minutes. The 
accumulation is not to exceed 10 per cent of the working 
pressure. 


Where accumulation tests might endanger the super- 
heaters, consideration will be given in cases of oil fired 
boilers to the omission of these tests, provided that 
application is made when the boiler plan and sizes of safety 
valves are submitted for approval, and that the safety valves 
are of an approved type for which the capacity has been 
established by test in the presence of the Surveyors or an 
approved independent authority, or for which the Society 
is satisfied, by long experience of accumulation tests, that 
the capacity is adequate. 


When it is agreed to waive accumulation tests it will 
be required that the valve makers provide a certificate for 
each safety valve, stating its rated capacity at the approved 
working conditions of the boilers and that the boiler makers 
provide a certificate for each boiler stating its maximum 
evaporation. 


The safety valves are to be found satisfactory in 


operation under working conditions during the trials of the 
machinery on board ship. 


Stop Valves 


1705 Where two or more boilers are connected to- 
gether, stop valves of self-closing or non-return types are to 
be fitted. 


Water Level Indicators 

1706 Every boiler is to be fitted with at least two 
independent means of indicating the water level in it, one 
of which is to be a glass water gauge. 
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The other means is to be either an additional glass 
water gauge or an approved equivalent device other than 
test cocks, but where a steam and water drum exceeding 13 
feet in length is fitted athwartships, two glass water gauges 
are to be fitted in suitable positions, one near each end of 
the drum. 


1707 The position of the glass water gauges of boilers 
in which the tubes are entirely drowned when cold is to be 
such that water is just showing in the glass when the water 
level in the steam drum is just above the top of the upper- 
most tubes when the boiler is cold. In boilers, the tubes of 
which are not entirely drowned when cold, the glass water 
gauges are to be placed, to the Surveyor’s satisfaction, in the 
positions which have been found by experience to indicate 
satisfactorily that the water content is sufficient for safety 
when the boiler is worked under all service conditions. 


Feed Check Valves and Water Level Regulators 


1708 ‘T'wo feed check valves, connected to separate 
feed lines, are to be provided for each boiler and are to be 
attached, wherever practicable, direct to the boiler or to an 
economiser which forms an integral part of the boiler. 


Where, however, the arrangements necessitate the use 
of a common inlet pipe on the economiser for both main 
and auxiliary feed systems, this pipe is to be as short as 
practicable and the arrangement of check valves is to be 
such that either feed line can be effectively isolated without 
interruption of the feed water supply to the boiler. 


At least one of the feed water systems is to be fitted 
with an approved feed water regulator whereby the water 
level in the boilers is controlled automatically. (See E 7 
for arrangements and details of boiler feed systems.) 


1709 The feed check valves are to be fitted with 
efficient gearing, whereby they can be satisfactorily worked 
from the stokehold floor, or other convenient position. 


1710 Standpipes on boilers, for feed inlets, are to be 
designed with an internal pipe to prevent direct contact 
between the feed pipe and the boiler shell or end plates with 
the object of minimizing thermal stresses in these plates. 


Similar arrangements are to be provided for de- 
superheater and other connections where significant 
temperature differences occur in service. 


Mountings and Fittings 


1711 Mountings and fittings not mentioned in this 
Section are to be in accordance with the requirements of J 4. 
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WELDED PRESSURE VESSELS 


Notes :—The following rules relate to welded pressure vessels of 
thickness not less than +s inch and operating at temperatures not 
exceeding 650° F. Vessels intended for higher temperatures than 
650° F. may be constructed in accordance with these rules, with the 
exception that the scantlings and routine tests required wilt be subject to 
special consideration when the plans are submitted for approval. 

For list of manufacturers of Class 1 Welded Pressure Vessels see 
appendix to this Chapter. 


Section 18 
GENERAL REQUIREMENTS 
Definitions 

1801 The term “ fusion weld” is, for the purposes of 
these Rules, applicable to all welded joints made by the 
oxy-acetylene or the oxy-hydrogen process, the metal-are 
process with covered electrodes, or other electric are process 
in which the are stream and the deposited weld metal are 
shielded from atmospheric contamination. 

1802 The term “forge weld” is, for the purposes of 
these Rules, applicable to joints made between plates 
which are welded together by means of hammering or rolling, 
and in which no added metal is included. 


Quality of Material 

1803 ‘The material used in the construction of welded 
pressure vessels is to be in accordance with the requirements 
of P 1 and P 6. 


Construction 

1804 In all cases, before construction is commenced, 
plans are to be submitted showing full details of the welding 
and giving particulars of the size and type of electrodes, also 
the ultimate tensile strength of the materials proposed to be 
used in the construction of the pressure vessel. 

1805 In order to facilitate consideration when classify- 
ing pressure vessels in accordance with 1820 to 1822, and 
especially in cases in which there may appear to be some 
doubt regarding the class under which a vessel may be con- 
sidered, particulars of the service conditions for which the 
vessel is intended should also be submitted. 


Cylindrical Shells 

1806 For the cylindrical shells of welded steel pressure 
vessels, the maximum working pressure to be allowed is to 
be calculated from the following formula :— 


= E(t —2) 
Wie ore 
where WP = working pressure, in lb. per square inch, 
J = maximum permissible stress in the longi- 
tudinal joint, in lb. per square inch, as 
given in Table 3 for fusion welded 
pressure vessels and J 23, Table 4, for 
forge welded pressure vessels, 


J 1801 - J 1807 
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t = thickness of the shell plates, in 32nds of 
an inch, 

D = internal diameter of the cylindrical shell, 
in inches. 


Dished End Plates without Stays 

1807 Forends of boiler drums and receivers, crowns 
of vertical boilers and other similar plates intended for 
Class 1 pressure vessels and dished to partially spherical form, 
subject to pressure on the concave side, but not exposed to 
flame, and having no unreinforced opening greater than four 
times the thickness of the plate, the working pressure to be 
allowed is to be determined by one of the following formula :— 


t h 
7 cl 
r ‘ 1 
ee Le ee ayer 
\ / 
' +05 | 
Wee nfR i x (T —-03) 


ede aa ect - a 


For end plates of similar type intended for Class 2 or 
Class 8. pressure vessels, the required thickness may be 
determined by the following formula :— 


576 x S x T 
WP = 5 - eae 


where WP = working pressure, in lb. per square inch, 


T = thickness of the end, in inches, after 
dishing but in no case to be less than the 
thickness of a seamless unpierced shell 
of the same diameter and material, 

S = minimum tensile strength of the material, 
in tons per square inch, 

D = outside diameter of drum end, in inches, 


R = inside radius of curvature of end, in 
inches, which is not to exceed D, 


r = inside corner radius, in inches, 


h = external height of dishing, in inches, 
measured from the centre of the inside 
corner radius and may be determined 
as follows :— 


h=R »—a/ ( r.— 2)(r, +2 —2r,) 
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TABLE 3 
MaximuM PERMISSIBLE STRESSES IN THE LONGITUDINAL JOINTS OF FUSION WELDED PRESSURE VESSELS, 


FOR TEMPERATURES Not Exceepine 650° F. 


Maximum permissible stress ‘/”, in ]b. per square inch, to be used in Formula 
given in 1806. 
Conditions in respect of routine tests Minimum tensile strength of plate :— Minimum tensile strength of plate :— 
and heat treatment. 26 tons per square inch 28 tons per square inch | 
Class 1 Class 2 Class 3 Class 1 Class 2 Class 3 
Vessels made by approved manufacturers only and sub- 
ject to routine tests prescribed in J 1907 to J 1919 13.100 | = = 14,100 = ms 
and including complete X-ray examination, heat : / 
treatment and hydraulic test. 
| Subject to routine tests prescribed in J 2002 to J 2012, ES A. —_ ae A. — 
and including heat treatment and hydraulic test. 11,500 12,400 
| Subject to routine tests prescribed in J 2002 to J 2012, fal B. — = B. 
and hydraulic test but not including heat treatment. 10,800 11,600 [ 
| Subject to routine tests prescribed in J 2102 to J 2113, ae pe A. = = A. 
| and including heat treatment and hydraulic test. 10,000 10,80! 
| Subject to routine tests prescribed in J 2102 to J 2113, a) — B. = = B. 
| and hydraulic test but not including heat treatment. 9,300 10,000 
: C. C. 
Subject to hydraulic test only. = — 8,600 as a 9,300 
| Double fillet lap joint for longitudinal shell seams, Di D. 
| for shell thickness not exceeding ;in. Subject to = 4 7,900 = a 8.50 
hydraulic test only. id z 


Note: Where the minimum tensile strength of the plate material is other than 26 or 28 tons per square inch, but not more 
than 35 tons per square inch, the maximum permissible stress should be proportional to the above. 


R, = outside radius of curvature of the end, in 
inches, 


r, = outside corner radius, in inches. 

The inside corner radius r is to be not less than four 
times the thickness of the end plate and in no case less 
than 24 inches. 

1808 Proposals to make dished end plates of semi- 
elliptic form will be considered provided full details are 
submitted before the work is commenced. 


1809 Where the end plates are dished to partially 
spherical form, subject to pressure on the convex side and 
not fitted with stays, the following formula is to be used :— 

wp=0%* us x § 
where WP = working pressure, in lb. per square inch, 
T = thickness of the end plate, in inches, 
R = radius of the convex surface of the end 


plate, in inches, which is not to exceed 
the diameter of the shell, 


S = minimum tensile strength of the material, 


in tons per square inch, 


42at 


C = 310 for Class 1 pressure vessels when T 
does not exceed ;*, inch, 
840 for Class 1 pressure vessels when T 
exceeds ,°, inch, 
870 for Class 2 and Class 3 pressure 
vessels when T does not exceed ,°, inch, 
410 for Class 2 and Class 3 pressure 
vessels when T exceeds 4°, inch. 


Flat End Plates without Stays 


1810 For unstayed flat end plates welded to cylindrical 
shells either by forge welding or by one of the fusion welded 
methods shown in Fig. 1, 

t, — 1)’ 
WP = Cc Sa 
where WP = working pressure, in lb. per square inch, 
t, = thickness of the end plate, in 52nds of 
an inch, 
D = internal diameter, in inches, 
C = 72-5 where end plate is exposed to flame, 
100 where end plate is not exposed to 
flame. 
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TypicaL ACCEPTABLE MrtrnHops OF ATTACHING 
Fiat Enp PLAtTes TO CYLINDRICAL SHELLS. 


Fre. 1 


t MIN 


NOTE:—The proportions indicated for the welds are minima only. 


Compensation for Openings 

1811 Where a dished end is provided with a flanged 
manhole the thickness of the end in inches obtained by the 
formule in 1807 and 1809, is to be increased by } inch, and 
the depth (F) of the manhole flange, measured in inches from 
the outer surface at the minor axis is to be not less than 


F=V/T,x W 
where T, = required thickness of the end plate, in 
inches, 


W = minor axis of the manhole, in inches. 


1812 Where a dished end is provided with large open- 
ings for branches, mountings or unflanged manholes, the 
thickness of the end as determined by the formule in 1807 
and 1809, is to be increased by +} inch and adequate 
compensation is to be provided, at least equivalent to the 
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cross sectional area obtained by multiplying the diameter or 
major axis of the opening cut in the end plate by the 
thickness required for an equivalent unpierced end. 


18138 Where a dished end is provided with small open- 
ings greater than four times the thickness of the end plate, 
local compensation is to be provided. 


1814 Where a flat plate is flanged for stiffening it at a 
manhole or sighthole, the total depth of the flange measured in 
inches from the outer surface is to be at least equal 
to /T x W, where T is the thickness of the plate in inches 
and W is the minor axis of the hole in inches. 


1815 Manholes in cylindrical shells are to have their 
shorter axes arranged longitudinally. Where the cylindrical 
shell is cut for a manhole, compensation is to be provided in 
accordance with 1816. 


1816 Compensation is to be provided for all openings 
in shell plates if the diameters of such openings exceed 2-5 
times the thickness of the shell plus 2} inches. 

The total area of compensation to be provided is to be 
not less than the sectional area of the plate cut out to form 
the opening multiplied by the ratio :— 


Permissible stress in welded joint in lb. per sq. in. 
560 X min™ tensile strength of shell plate in tons per sq. in. 


The sectional area cut out is to be based on the 
thickness of a seamless shell and measured on the centre 
line of the opening parallel with the longitudinal axis 
of the shell, and the area of compensation provided is to be 
measured in the same plane as the sectional area cut out, and 
may include the sectional area of the welds by which the 
compensating plate or branch piece may be attached. 

In cases where branch pieces are welded to the shell or 
end plate, the maximum height of the branch body to be 
reckoned as compensating for the sectional area cut out is to 
be obtained thus :— 

H=12 /D x T 
‘where H = height, in inches, measured from the inside 
surface of the shell or end plate, 
D = diameter or longitudinal axis, in inches, of 
the opening cut in the plate, 
T =} thickness, in inches, of the shell or end 
plate. 

If the height of the branch obtained by this formula, 
in conjunction with its thickness, is inadequate to compen- 
sate for the sectional area cut out, additional compensation 
is to be provided. 
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Attachment of Compensating Plates, Branches, etc. 
1817 All welded compensating plates, branch pieces and 
bosses may be secured by one of the methods shown in Fig. 2. 
Compensating plates attached to the outside of a vessel 
as in Fig. 2 types C and D are to be provided with a tell- 
tale hole not greater than 3 inch diameter. The tell-tale 
hole is to be left open to the atmosphere. 
In the case of compensating plates attached to the inside 
of a vessel the tell-tale hole is to be drilled in the shell. 
Flanges may be attached to carbon steel branch pieces 
by any of the methods shown in Fig. 3. If backing rings 
are used with flange type A they are to fit closely to the 
bore of the pipe and are to be of good quality mild steel. 


Fie. 2. ‘l'yprcaL ACCEPTABLE MrtTHops oF ATTACHING 


BRANCHES, COMPENSATING RINGS AND Bossgs. 


NOTE:—Type E should be used for the attachment of heavy 
branches to relatively thick shells. 


Alternative methods of attachment may be accepted 
provided details are submitted for consideration. 


Where flanges are secured by screwing, the branch and 
flange are to be screwed with a vanishing thread, and the 
diameter of the screwed portion of the branch over the thread 
is to be not less than the outside diameter of the unscrewed 
branch. 

After the flange has been screwed hard home the branch 
is to be expanded into the flange. 
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ACCEPTABLE METHODS OF ATTACHING FLANGES 
ro STEEL BRANCHES OR STANDPIPES. 


Fie. 3 


B 


t or tor Minimum 


3° 
tor ie Mine 


Depth See udk 


t or for Minimum 
Depth see tad 


L 3" 
2 or {6 Minimum 


3 
2tor4 Mine 


ating 


DETAK OF WELO GROOVE 


Minimum Depth of Groove 


Pipe Bore for flanges B and C 
4” and 2” }’ 
” ” 5m 
1” to 1} 16 
eee SS a 
2” and over 3" 


Service and Rating 


st 


Tree | "and other fulds. Steam 
Attachment |—————— ———_—__—__—_—_ 
| Pressure Ib. | Temperature! Pressure Ib. | Temperature 
| per sq. in. “F. per sq. in. F. 
A,B &C All Conditions 
D&E | 750 500 
750 
F 600 500 450 
|G 250 250 500 
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The vanishing thread on a branch is to be not less than 
three pitches in length and the diameter at the root of the 
thread is to increase uniformly from the standard root 
diameter to the diameter at the top of the thread. This may 
be produced by suitably grinding the dies, and the flange 
should be tapered out to the same formation. 


1818 Where a dished end plate, concave to the 
pressure, is fixed by a fillet welded lap joint, the width of the 
overlap, measured between the edges of the end plate and 
shell plate, is to be not less than three times the thickness of 
the end plate. The outside fillet weld is to be clear of the 
knuckle of the flange. : 

Dished end plates convex to the pressure may be 
permitted, provided the thickness of the shell plate does not 
exceed § inch, and the width of flange is not less than four 
times the thickness of the end plate. 

Permissible forms of fusion welded circumferential 
joints for dished end plates are shown in Fig. 4. 


1819 Where a dished end plate is fixed by a butt joint 
and the thickness of an end plate exceeds that of the shell, 
the end plate shall be gradually reduced to the thickness of 
the shell plate for a length not less than twice the thickness 
of the end plate, measured from the centre line of the weld. 


Classification of Fusion Welded Pressure Vessels 

1820 Class 1. Pressure vessels made in accordance 
with the requirements of this class will be accepted only if 
they are constructed by firms whose names are included in 
the list of firms recognised, by the Committee for the manu- 
facture of Class 1 fusion welded pressure vessels. 

Class 1 includes all fired and unfired pressure vessels 
for which the calculated working pressure on the shell, 
according to the formula given in 1806, requires the 
appropriate maximum permissible stress given in Table 3. 
For Class 1 pressure vessels intended for water tube boilers 
the scantlings are to be determined by the requirements of 
J 16. 

Approval of the following pressure vessels will only be 
given provided they be constructed and tested in accordance 
with Class 1 requirements: — 

Pressure parts of boilers, and all fired pressure vessels 
intended for working pressures above 50 lb. per square inch, 

In special circumstances relating to pressure, tempera- 
ture and service conditions, it may be considered necessary 
to include other pressure vessels in the Class 1 category. 


1821 Class 2. Approval of the following pressure 
vessels will only be given provided they be constructed and 
tested in accordance with Class 2 requirements :— 

Fired pressure vessels intended for a working pressure 
not exceeding 50 lb. per square inch. 
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Pressure vessels requiring the appropriate maximum 
permissible stress given in Table 3. 

Unfired pressure vessels for which WP x T is greater 
than 90, where WP = proposed working pressure, in lb. 
per square inch, T = actual thickness of the shell plate, in 
inches. 

Unfired pressure vessels for which the working pressure 
is greater than 250 lb. per square inch. 

Unfired pressure vessels for which the working tempera- 
ture of the contents is greater than 300° F. 

Unfired pressure vessels of shell thickness greater 
than & inch. 


1822 Class3. This class includes all unfired pressure 
vessels not included in Class 1 or Class 2 for which the 
calculated working pressure on the shell, according to the 
formula given in 1806, requires the appropriate maximum 
permissible stress given in Table 3. 


Section 19 
REQUIREMENTS FOR CLASS 1 FUSION WELDING 


Preliminary Conditions and Tests 

1901 In order that the name of a firm may be included 
in the list of firms recognised by the Committee for the 
manufacture of Class 1 fusion welded pressure vessels, it will 
be necessary for the Surveyors to make a preliminary visit 
to the works for the purpose of inspecting the welding plant, 
equipment and procedure, also to arrange for the carrying 
out of a special series of tests as described in 1904. 
Subsequently the Surveyors will report periodically to the 
Committee on the conditions which obtain at the works, 
and if considered necessary will carry out further tests. 


1902 The welding plant and equipment are to be of 
good quality and maintained in an efficient working condition. 
The welding apparatus is to be installed under cover and 
so arranged that the welding work may be carried out in 
positions free from draughts and adverse weather conditions. 
The procedure is to be such that there is regular and 
systematic supervision of the welding work, and the welding 
operators are to be subjected by the works officials to periodic 
tests for quality of workmanship. Records of these tests 
are to be kept and are to be available to the Surveyors 
for inspection. 


1903 The works should be equipped with an efficient 
testing laboratory which should include apparatus suitable 
for carrying out tensile, bend and impact tests, micro- 
examination of specimens and X-ray examination of the 
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actual joints in pressure vessels. The works should also 
be equipped with a suitable heat treating furnace having 
satisfactory means for temperature control, but as an alter- 
native, arrangements may be made whereby pressure vessels 
can be heat treated elsewhere. 


1904 A series of special preliminary tests to demon- 
strate the quality of the welding work is to be carried out. 
The tests should include tensile, bend, impact, hardness and 
fatigue tests on specimens which should be prepared in a 
similar manner to that used in the making of longitudinal 
joints in pressure vessels. The Surveyors are to select 
portions of the test plates from which photomicrographs, at 
100 and 300 magnifications, are to be prepared representing 
the weld centre, fusion zone and plate. The test plates from 
which the specimens are taken are to be X-rayed. 


1905 A chemical analysis is to be made of weld metal 
deposited in a sample joint in which the parent plate mat- 
erial is similar to that normally used in the manufacture 
of welded pressure vessels. A chemical analysis of the 
plates forming the sample joint should also be made, 
alternatively a guaranteed analysis obtained from the steel- 
makers will be accepted. 


1906 A full size welded pressure vessel is to be manu- 
factured under survey, and is to comply in every respect 
with the requirements for Class 1 fusion welded pressure 
vessels. 


Routine Tests for Class 1 Fusion Welded Pressure 
Vessels 

1907 Two test plates should be prepared for each 
pressure vessel. They should be attached to the shell 
plate in such a manner that the edges to be welded are a 
continuation and duplication of the corresponding edges of 
a longitudinal joint. The welding process, procedure and 
technique are to be the same as employed in the welding of 
the longitudinal joint. Test plates are to be so supported, 
during welding, that warping is reduced to a minimum. 


1908 The test plates are to be straightened before 
being subjected to the same heat treatment as given to the 
pressure vessel. 


1909 ‘Test plates need not be prepared for the circum- 
ferential seams, except in cases where a pressure vessel has 
circumferential seams only, when two test plates are to be 
prepared, each having a welded joint which, so far as possible, 
is a duplication of the circumferential seams. 
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1910 The material for the test plates is to conform to 
the same specification as the shell plates of the pressure vessel. 

1911 The thickness of test plates is to be the same as 
that of the pressure vessel. 

1912 One test plate is to be cut up into test specimens 
as shown in Fig. 5. All the specimens are to be cut from a 
plate of suitable length and are to comply with the test 
requirements detailed in 1914 to 1918. 


(1) Tensile, all weld metal. (8) Tensile (joint). 


(2) Bend. (4) Macro. 


Retests 


1913 If any of the tests fail, two retests are to be 
made on specimens cut from the second test plate. All 
retests are to comply fully with the test requirements. 


Tensile Test for all Weld Metal. Specimen No. 1 


1914 

Diameter Gauge 
of lengt 

test piece 

_inchen | ___inches__ 
798 2°82 
“DO4 2:0 
*D05 179 
“479 1:70 
452° 1°60 
“437 1°55 
"424 1°50 
*399 1°41 
“B57 1:26 


The ultimate tensile strength of weld metal is to be 
not less than the minimum specified for the plate. 


Minimum elongation on gauge length = 20 per cent. 


Minimum reduction of area = 35 per cent. 
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Bend Test. Specimen No. 2 


1915 Dimensions of specimen = 3 inch wide x 3 inch 
thick, cut flush with the upper surface of the plate as shown 
in Fig. 6. 
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The specimen is to be bent cold through an angle of 
180 degrees, with the broad side of the weld forming the 
outside of the bend, until the distance between the parallel 
sides is not greater than 3 inch. The sharp edges of the 
specimen may be rounded off before bending. 


Alternative Bend Test 


1916 ‘T'wo bend test specimens of rectangular section 
are to be cut from the test plate, one to be bent with the 
outer surface of the weld in tension, and the other with the 
inner surface in tension. 


The specimens are to be cut transversely to the weld and 
are to have a width equal to 1°5 times the thickness, and the 
mid portion of the specimens is to coincide with the centre 
line of the weld. The edges may be rounded off to a radius 
not exceeding 10 per cent of the thickness of the specimen. 


In plate thicknesses not exceeding 1} inches, the thick- 
ness of the specimens should be equal to the thickness of the 
test plate. Where the plate thickness exceeds 1} inches, the 
specimens should, in all cases, have a thickness of 1} inches, 
and width of 1% inches. These should be prepared by dis- 
carding metal from the surfaces of the specimens which will be 
in compression when the test is applied. See Figs. 7 and 8. 


Where the thickness of the plate permits, the bend 
specimens may be prepared as shown in Fig. 9. 


For each specimen the weld reinforcement should be 
removed by buffing or machining so that the outer and inner 
surfaces of the weld are flush with the surface of the plate. 


Each specimen is to be bent cold without fracture 
through an angle of 180 degrees, over a former having 
diameter not greater than three times the thickness of the 
specimen. The distance between supports should be not 
more than 5-2 times the thickness of the specimen. 
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YORMAL BEND SPECIMEN 


» 


Fic. 8 Reverse BEND SPECIMEN 


kag + 
Fic. 9 NormMaLt AND ReversE BEND SPECIMENS CUT 
FROM SINGLE PIECE OF PLATE 


k- 15" | 
t = thickness of the specimen which is the thickness of 
the plate or 1} inches, whichever is the lesser. 
r = corner radii not exceeding *1t. 
NOTE cxttheré t is less a a Ea he width of the specimen 
Tensile Test for Joint. Specimen No. 3 
1917 Fic. 10 
3 ew -> 
W ! 


When T is less than 1 inch :— 
L,= 10 inches. 
L = W + 3 inch. 
B = 1} inches. 
b = { inch. 


eee 
R =,%, inch. 


When T is greater than 1 inch :— 
L,= 12 inches. 


L = W + 3 inch. R =} inch. 
B = 1} inches. 
b = 1 inch. 
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An equivalent form of test piece to the above may be 
accepted. 

The weld is to be machined flush with plates on both 
sides. 

The ultimate tensile strength of the joint is to be not 
less than the minimum specified for the plate. 


Macro Specimen. Specimen No. 4 
1918 The specimen is to be etched across the full 
section of the weld, and examined by the Surveyor. 


X-ray Examination 

1919 X-ray photographs are to be taken of the entire 
length of each welded seam, both longitudinal and circum- 
ferential. The surface of the weld is to be dressed smooth 
by grinding, chipping and grinding, machining or other 
suitable means, to the satisfaction of the Surveyor, for the 
purpose of radiography. The photographs are to be 
marked in such a way that the corresponding portion 
of the welded seam can readily be identified. The negatives 
are to be examined by the Surveyor who will indicate 
whether any rewelding is necessary. 

On completion of the rewelding, the affected portions 
of the seams are to be X-rayed. 

X-ray methods employed are to be sutliciently accurate 
to reveal a defect having a quantitative thickness equal 
to 2 per cent of the depth of the weld, and on each 
negative there is to be an indication of the relative shadow 
density corresponding to 2 per cent of the depth of the weld. 


Heat Treatment 

1920 Each pressure vessel is to be efficiently heat 
treated on completion of the welding and before the hydraulic 
test is carried out. 

The heat treatment given to any pressure vessel may be 
either :— 

Normalising, in which the pressure vessel is 
heated uniformly to a temperature of 920° C. and 
allowed to cool slowly in still air ; or 

Stress Relieving, in which the pressure vessel is 
heated uniformly to a temperature between 600° ©. 
and 650° C., and allowed to cool slowly in still air. 


Hydraulic Test 


1921 For pressure vessels intended for working 
pressures up to 100 lb. per square inch, the hydraulic test 
pressure is to be twice the working pressure. Where working 
pressures exceed 100 lb. per square inch, the hydraulic test 
pressure is to be 1°5 times the working pressure plus 50 lb. 
per square inch. 
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Whilst under this test the pressure vessel is to be well 
hammered on both sides of, and close to, the welded seams. 


Modification of Requirements 

1922 In the case of firms of large experience some 
modification may be permitted in regard to the requirements 
of 1901 to 1906 and to the requirements relating to Routine 
Tests for Class 1 fusion welded pressure vessels. 


Section 20 


REQUIREMENTS FOR CLASS 2 FUSION WELDING 


Preliminary Conditions 

2001 The welding of Class 2 pressure vessels is to be 
done only by firms who satisfy the Committee that their 
works are properly equipped for the welding of pressure 
vessels. 

The welding plant is to be installed under cover and 
is to be maintained in an efficient working condition and 
adequate supervision of the welding work is to be provided. 


Routine Tests for Class 2 Fusion Welded Pressure Vessels 
2002 ‘Two test plates should be prepared for each 
pressure vessel. They should be attached to the shell plate 
in such a manner that the edges to be welded are a 
continuation and duplication of the corresponding edges of 
a longitudinal joint. The welding process, procedure and 
technique are to be the same as employed in the welding of 
the longitudinal joint. Test plates are to be so supported 
during welding that warping is reduced to a minimum. 


2003 In cases where a number of Class 2 pressure 
vessels are made concurrently at the same works, and the plate 
thicknesses do not vary by more than 4%, inch, each 120 feet 
of welded seam, longitudinal plus. circumferential, may be 
regarded as equivalent to one pressure vessel, the required 
number of test specimens being provided accordingly. 


In these cases the thickness of the test plates is to be 
equal to that of the thickest shell plate used in the con- 
struction of the pressure vessels. 


2004 The test plates are to be straightened before 
being subjected to the same heat treatment as given to the 
pressure vessel. 


2005 ‘Test plates need not be prepared for the circum- 
ferential seams, except in cases where a pressure vessel has 
circumferential seams only, when two test plates are to be 
prepared each having a welded joint which, so far as possible, 
is a duplication of the circumferential seams. 
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2006 The material for the test plates is to conform to 
the same specification as the shell plates of the pressure vessel. 

2007 The thickness of test plates is to be the same as 
that of the pressure vessel. 

2008 One test plate is to be cut up into test specimens 
as shown in Fig. 11. All the specimens are to comply with 
the test requirements detailed in 2010 to 2012. 
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Specimens may be dressed in way of the weld and the 
sharp edges may be removed from the bend specimens. 


Retests 

2009 If any of the tests fail, two retests are to be 
made on specimens cut from the second test plate. All 
retests are to comply fully with the test requirements. 


Tensile Test 

2010 ‘The shape of the specimen is to conform to the 
requirements of J 1917. 

The ultimate tensile strength of the joint is to be not 
less than the minimum specified for the plate. 


Bend Tests 

2011 The width of the bend specimens is to be not 
less than 1°5 times the thickness, and the mid portion of the 
specimens is to coincide with the centre line of the weld. 
One specimen is to be bent with the outer surface of the 
weld in tension, and the other specimen is to be bent with 
the outer surface of the weld in compression. 

In both cases the specimens are to be bent without 
fracture through an angle of 180 degrees over a former, the 
diameter of which is not greater than three times the thick- 
ness of the specimen. 


Nicked Bend Test 

2012 ‘The specimen is to have a slot cut into each side 
of the weld. The specimen is then to be broken in the weld 
and the fracture is to reveal a sound homogeneous weld, 
substantially free from slag inclusions, porosity and coarse 
crystallinity. 
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Heat Treatment 

2013 Where heat treatment is required to be carried 
out in respect of any pressure vessel (see Table 3, J 18), the 
requirements of J 1920 are to be complied with. 


Pressure vessels for which the ratio of inside diameter 
in inches to the cube of the shell thickness in inches is tess 
than 100 are to be efficiently heat treated. 


Hydraulic Test 

2014 For pressure vessels intended for working pres- 
sures up to 100 lb. per square inch, the hydraulic test pressure 
is to be twice the working pressure. Where working pressures 
exceed 100 Ib. per square inch the hydraulic test pressure 
is to be 1°5 times the working pressure plus 50 lb. per square 
inch. 


Whilst under this test the pressure vessel is to be well 
hammered on both sides of, and close to, the welded seams. 
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REQUIREMENTS FOR CLASS 3 FUSION WELDING 


Preliminary Conditions 

2101 The welding of Class 3 pressure vessels is to be 
done only by firms who satisfy the Committee that their 
works are properly equipped for the welding of pressure 
vessels. 

The welding plant is to be installed under cover and is 
to be maintained in efficient working condition and adequate 
supervision of the welding work is to be provided. 


Optional Routine Tests for Class 3 Fusion Welded 
Pressure Vessels 
2102 Pressure vessels which comply with the follow- 
ing test requirements, including heat treatment, will be 
allowed the maximum permissible stress given in Table 3 
for Class 8 pressure vessels. See J 18. 


The permissible stresses are reduced when heat treat- 
ment and routine tests are omitted. (See Table 3.) 


In the case of pressure vessels having a shell plate 
thickness not exceeding 3 inch, double fillet lap joints for 
the longitudinal seams will be permitted in conjunction 
with a maximum permissible stress as given in Table 3. 
In this case heat treatment and routine tests may be omitted. 


2103 ‘Two test plates should be prepared for each 
pressure vessel. They should be attached to the shell plate 
in such a manner that the edges to be welded are a con- 
tinuation and duplication of the corresponding edges of a 
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longitudinal joint. The welding process, procedure and 
technique are to be the same as employed in the welding of 
the longitudinal joint. Test plates are to be so supported 


during welding that warping is reduced to a minimum, 


2104 The test plates are to be straightened before 
being subjected to the same heat treatment as given to the 
pressure vessel. 


2105 The material for the test plates is to conform to 
the same specification as the shell plates of the pressure vessel. 


2106 ‘The thickness of test plates is to be the same as 
that of the pressure vessel. 


2107 One test plate is to be cut up to provide one 
tensile, one bend and one nicked bend specimen. 


2108 In cases where a number of Class 3 pressure 
vessels are made concurrently at the same works, and the 
plate thicknesses do not vary by more than ,°; inch, each — 
120 feet of welded seam, longitudinal plus circumferential, 
may be regarded as equivalent to one pressure vessel, 
the required number of test specimens being provided 
accordingly. 

In these cases, the thickness of the test plates is to 
be equal to that of the thickest shell plate used in the 
construction of the pressure vessels. 


2109 ‘Test plates are not required in the case of 
pressure vessels having circumferential welded seams only. 


Retests 

2110 If any of the tests fail, two retests are to be 
made on specimens cut from the second test plate. All 
retests are to comply fully with the test requirements. 


Tensile Test 

2111 ‘The shape of the specimen is to conform to the 
requirements of J 1917. 

The ultimate tensile strength of the joint is to be not 
less than 95 per cent of the minimum specified for the plate. 


Bend Test 

2112 The width of the bend specimen is to be not less 
than 1°5 times the thickness, and the mid portion of the 
specimen is to coincide with the centre line of the weld. 
The specimen is to be bent without fracture with the outer 
surface of the weld in tension, through an angle of 160 
degrees over a former the diameter of which is not greater 
than three times the thickness of the specimen. 
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Nicked Bend Test 


2113 The specimen is to have a slot cut into each side 
of the weld. The specimen is then to be broken in the weld 
and the fracture is to reveal a sound homogeneous weld, 
substantially free from slag inclusions, porosity and coarse 
crystallinity. 


Heat Treatment 

2114 Class 3 pressure vessels may be required to be 
heat treated, depending upon the details of design and the 
service for which the pressure vessels are intended. 

Where heat treatment is required to be carried out on 
any pressure vessel, the requirements of J 1920 are to be 
complied with. 


Hydraulic Test 

2115 For pressure vessels intended for working 
pressures up to 100 lb. per square inch, the hydraulic test 
pressure is to be twice the working pressure. Where working 
pressures exceed 100 lb. per square inch, the hydraulic test 
pressure is to be 1°5 times the working pressure plus 50 lb. 
per square inch. 


Whilst under this test the pressure vessel is to be well 
hammered on both sides of, and close to, the welded seams. 
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INSPECTION OF FUSION WELDED 
PRESSURE VESSELS 


Note :—The following requirements are applicable to all classes 
of fusion welded pressure vessels. 


Electrodes 

2201 In the case of pressure vessels welded by the 
electric metallic are process, the electrodes are to be of a type 
conforming to the terms of the definition for fusion welds 
given in J 1801. 


2202 Electrodes intended for use in the construction of 
pressure vessels are to be stored in a dry place. [n order to 
ensure that the quality of the electrodes is being consistently 
maintained they are to be subjected to a regular system of 
periodic testing and inspection. Where routine tests are 
frequently carried out in respect of pressure vessels made 
in the normal course of production, such tests may be 
regarded as meeting the requirements of this paragraph. 


2203 In cases in which it is proposed to use electrodes 
of larger size than $ inch diameter, full particulars are to be 
submitted for consideration. 
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Heat Treatment 

2204 The heat treatment of pressure vessels is to be 
carried out by placing the pressure vessels in a properly 
constructed furnace having satisfactory means of temperature 
control. 


2205 Where pressure vessels are of such dimensions 
that the whole length cannot be accommodated in the furnace 
at one time, the pressure vessels may be heated in sections 
provided sufficient overlap is allowed to ensure the heat 
treatment of the entire length of the longitudinal seam. 


2206 Test plates should be heat treated in the same 
furnace and at the same time as the pressure vessels which 
they represent. In special cases, however, it may be per- 
missible to heat treat the test plates separately from the 
pressure vessels provided the Surveyor is satisfied with the 
means adopted to ensure that the following factors will 
be the same for the pressure vessels as for their respective 
test plates :— 


Rate of heating. 
Maximum temperature. 
Time held at maximum temperature, 


Conditions of cooling. 


2207 Wherea number of test plates are heated together 
in a furnace, care is to be taken to ensure that each plate is 
uniformly exposed to the heat of the furnace. 


2208 Where it is proposed to adopt special methods of 
heat treatment full particulars are to be submitted for con- 
sideration. In such cases it may be necessary to carry out 
tests to show the effect of the proposed heat treatment. 


Welding Technique 

2209 Welding may be carried out by hand or by 
machine, and the current used in electric metallic are welding 
may be direct or alternating. In welding branch pieces, pads 
and compensating rings, more than one run of weld metal 
is to he deposited. Longitudinal and circumferential seams 
may be reinforced by additional runs of weld metal. 


2210 The outer surfaces of the welds may be flush with 
the surfaces of the plates joined, but no objection will be 
raised if the total thickness at the centre of the weld is 
greater than the thickness of the plates, provided the change 
of section is gradual and there is no undercutting at the 
sides of the weld. 


2211 Each run of weld metal is to be thoroughly cleaned 
and free from slag before the next run is deposited. 
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2212 In all Class 1 pressure vessels, the. longitudinal 
and circumferential seams are to be welded from both sides of 
the plate. In the case of Class 2 and Class 3 pressure 
vessels which are too small to permit welding from the 
inside, special care should be taken to ensure full penetration 
of the first run of weld metal. In such cases it is recom- 
mended that a backing strip be provided on the underside 
of the joint. In order to satisfy himself regarding the 
penetration, the Surveyor may, if he considers it necessary, 
request that a sample joint be welded and cut open for his 
inspection. 


2213 The welding of pressure vessels is to be carried 
out in the downhand horizontal position. In the case of 
circumferential seams means are to be adopted to ensure 
compliance with this requirement. 


2214 In cases where it is proposed to adopt fusion 
welding processes in which it may not be possible to comply 
fully with the foregoing requirements regarding technique, 
full particulars are to be submitted for consideration. 


Fabrication 

2215 Before welding, the assembly is to be examined. 
The shape and size of the joints are to be in accordance with 
the approved design. The butting edges of the plates form- 
ing the longitudinal and circumferential seams are to be in 
line within a limit of 10 per cent of the plate thickness, but 
in no case exceeding } inch for longitudinal joints and 
ys inch for circumferential joints. 


2216 The attachment of branches should be examined 
before and after welding. 


2217 During fabrication, the Surveyor is to be pro- 
vided with opportunities for seeing the actual deposition of 
weld metal. The joints are to be examined at various stages 
during construction. 


2218 On completion of the welding, the seams are to 
be thoroughly examined before being dressed or machined. 
Parts showing evidence of blow-holes, slag inclusions, un- 
satisfactory penetration, porosity, or any other defect, are to 
be cut out and rewelded, and excessive undercutting made 
good. 


2219 ach pressure vessel is to be calibrated for 
distortion, The calibration is to be made after the heat 
treatment has been carried out. The drum or shell is to be 
circular at any section within a limit of one per cent of the 
designed internal diameter based on the difference between 
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the maximum and minimum diameters of any section. Any 
departure from circularity is to be gradual and there is to 
be no local flat in way of the welded seam. 


Section 23 
FORGE WELDED PRESSURE VESSELS 


Classification of Forge Welded Pressure Vessels 


2301 Class 1. Pressure vessels made in accordance 
with the requirements of this class will be accepted only if 
they are constructed by firms whose names are included in 
the list of firms recognised by the Committee for the manu- 
facture of Class 1 forge welded pressure vessels. 

Class 1 includes all unfired pressure vessels for which 
the calculated working pressure of the shell, according 
to the formula given in J 1806, requires the appropriate 
maximum permissible stress as given in Table 4. For Class 1 
fired pressure vessels the scantlings are to be determined 
by the requirements of J 16. 


Approval of the following pressure vessels will only be 
given provided they be constructed and tested in accordance 
with Class 1 requirements :— 


Pressure parts of boilers, and all fired pressure vessels 
intended for working pressures above 50 lb. per square inch. 


In special circumstances relating to pressure, tempera- 
ture and service conditions, it may be considered necessary 
to include other pressure vessels in the Class 1 category. 


2302 Class 2. ‘This class includes all forge welded 
pressure vessels not included in Class 1. The working 
pressure of the shell is to be calculated from the formula 
shown in J 1806, the appropriate maximum permissible 
stresses being as given in Table 4. 


Preliminary Conditions and Tests for Class 1 Forge 

Welding 

2303 In order that the name of a firm may be included 
in the list of firms recognised by the Committee for the 
manufacture of Class 1 forge welded pressure vessels, it 
will be necessary for the Surveyors to make a preliminary 
visit to the works for the purpose of inspecting the welding 
plant, equipment and procedure, also to arrange for the 
carrying out of a special series of tests as described in 2306. 
Subsequently the Surveyors will report periodically to the 
Committee on the conditions which obtain at the works, and 
if considered necessary will carry out further tests. 
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TABLE 4 


MaximUM PERMISSIBLE STRESSES IN THE LONGITUDINAL JOINTS OF FoRGE WELDED PRESSURE VESSELS, 
FOR TEMPERATURES NOT EXcEEDING 650° F. 


| 


Maximum permissible stress ‘f,) in lb. per square inch, 


to be used in Formula given in J 1806. 


Conditions in respect of routine tests Minimum tensile strength of plate :-— Minimum tensile strength of plate :— 

and heat treatment. 24 tons per square inch 26 tons per square inch 

Class 1 Class 2 Class 1 Class 2 
Vessels made by approved manufacturers only 
and subject to routine tests prescribed in pdaptig 11,200 —— 12,200 — 
J 2309 to J 2313. , 
Shell thickness A= 9.900 — 10,800 
Vessels not included in i inch and above. , bl wh a : 
the above category. ish : 
ell thickness a 9 24 

less than 3 inch. 9,200 10,000 


2304 The welding plant and equipment are to be of 
good quality and maintained in efficient working condition. 
The welding plant is to be installed under cover and arranged 
so that the welding work may be carried out in positions 
free from draughts and adverse weather conditions. The 
procedure is to be such that there is regular and systematic 
supervision of the welding work. — 


2305 The works should be equipped with an efficient 
testing laboratory which should include apparatus suitable 
for carrying out tensile, bend and impact tests, and micro- 
examination. The works should also be equipped with a 
suitable heat treating furnace having satisfactory means for 
temperature control, but as an alternative, arrangements 
may be made whereby pressure vessels can be heat treated 
elsewhere. 


2306 A series of special preliminary tests to demon- 
strate the quality of the welding work is to be carried out. 
The tests should include tensile, bend, impact, hardness and 
fatigue tests on specimens which should be prepared in. a 
similar manner to that used in the making of longitudinal 
joints in pressure vessels. The Surveyors are to select 
portions of the test plates from which photomicrographs, at 
100 and 300 magnifications, are to be prepared representing 
the weld centre and the plate remote from the weld. 


2307 A full size pressure vessel is to be manufactured 
under survey, and is to comply in every respect with the 
requirements for Class 1 forge welded pressure vessels. 
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2308 In the case of firms of large experience some 
modification may be permitted in regard to the requirements of 
2306, provided satisfactory evidence is produced of successful 
results obtained by the firm’s welding methods, over an 
appreciable period. 


Routine Tests for Forge Welded Pressure Vessels 
Class 1 
2309 The shell plates of each pressure vessel are to 
be left long enough to accommodate the following test 
specimens :— 
Two tensile specimens, with provision 


Four bend specimens, | for retests. 


Retests 

2310 If any of the tests fail, two retests are to be 
made, both of which are to comply fully with the test 
requirements. 


Tensile Test 

2311 The tensile specimens are to conform to the 
standard test piece A (see P 203), and the mid portion of the 
specimens is to coincide with the centre line of the weld. 

The ultimate tensile strength of both test pieces is to 
be not less than 95 per cent of the minimum specified for 
the plate material. The elongation is to be not less than 
18 per cent on a gauge length of 8 inches. 


Bend Tests 

2312 The width of the bend specimens is to be not 
less than 1°5 times the thickness, and the mid portion of the 
specimens is to coincide with the centre line of the weld. 
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Two specimens are to be bent in such a manner that the 
outer surface of the weld is in tension, and two specimens 
are to be bent with the outer surface of the weld in 
compression. 

In both cases the specimens are to be bent without 
fracture through 180 degrees round a former, the diameter of 
which is not greater than three times the thickness of the 
specimen. 

Norr :—Some modification of the requirements 
contained in 2309 to 2311 may be permitted in circumstances 
such as are indicated in 2308. 


Test Pieces for Circumferential Seams 

2313 In the case of pressure vessels having circum- 
ferential joints only, no test pieces need be provided unless the 
internal diameter of the pressure vessel exceeds 4 feet 6 inches, 
when a representative welded joint is to be made and cut up 
to provide the specimens detailed above. 


Class 2 

2314 In the case of forge welded pressure vessels other 
than those included in Class 1, routine tests are not 
required in respect of longitudinal joints, but where the 
internal diameter of a pressure vessel exceeds 4 feet 6 inches the 
manufacturer is to produce authoritative evidence of test 
results demonstrating that efficient circumferential welds 
of the proposed dimensions can be made consistently. 


GENERAL REQUIREMENTS 
Plate Thickness 
2315 In the case of all pressure vessels the thickness 
of the shell plate is to be not less than } inch. 


Weld Thickness 

2316 On completion of the welding the thickness at 
and adjacent to the weld is to be not less than the required 
thickness of the shell plate as determined from the formule 
for working pressure given in J 1602, J 1603 and J 1806. 


Heating 

2317 ‘The heating of plates for welding is to be carried 
out by means of a process which will provide a flame which 
will not be of an oxidizing character and will not tend to 
introduce impurities into the steel. Provision is to be made 
for careful control of the welding heat. 


Heat Treatment 

2318 All forge welded pressure vessels are to be 
efficiently normalised in accordance with the requirements 
of J 1920 
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Hydraulic Test 

2319 Pressure vessels are to be subjected to a hydraulic 
test pressure of twice the working pressure. Whilst under 
this test the pressure vessel is to be well hammered on both 
sides of, and close to, the welded seams. 


Section 24 
AIR RECEIVERS 


2401 Cylindrical receivers for containing air under 
high pressure may be made either of seamless steel or of 
welded, or riveted, steel plates. 


Welded Receivers 
2402 Receivers of fusion or forge welded construction 
are to comply with the requirements of J 18 to J 23. 


Riveted Receivers 

2403 Receivers of riveted construction are to comply 
with the Rules for cylindrical boilers, where applicable, but 
where end plates are dished to partially spherical form, 
subject to pressure on the concave side, and not fitted with 
stays, the following formula may be used :— 


oo fits FAN SSE 
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where W P = working pressure, in !b. per square inch, 
“S$ = ultimate tensile strength of the plates, in 
tons per square inch, 
T = thickness of the end, in inches, after 
dishing, 
R = inside radius of curvature of the end, in 
inches, which is not to exeeed the 
diameter of the shell. 


If desired the formula for dished ends detailed in 
J 1301 may be used in lieu of the above formula. 

The inside corner radius is to be not less than four 
times the thickness of the end plate and in no case less than 
24 inches. 

Where the end is provided with a flanged manhole the 
thickness of the end, in inches, determined by the foregoing 
formula is to be increased by } inch and the depth (F) of 
the manhole flange, measured in inches from the outer surface 
at the minor axis is to be not less than F = / T, x W 

where T, = required thickness of the end plate, in 

inches, 


W = minor axis of the manhole, in inches. 
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Seamless Receivers 
2404 The material used is to comply with the 
requirements of P 608. 
2405 The permissible working pressure for seamless 
receivers is to be determined by the following formule :— 
WPeox5 ee 


for thicknesses of 8 inch and above. 
wpe = © * iets # °) 


for thicknesses below ¢ inch. 
where WP = working pressure, in lb. per square inch, 
S = minimum tensile strength of the steel 
shell plates, in tons per square inch, 
t = thickness of the shell plates, in 32nds of 
an inch, 
D = internal diameter, in inches, 


C = 38°5 for receivers of thickness $ inch and 
above, 


34°5 for receivers of thickness below 
2 inch. 
2406 ach seamless receiver is to be carefully annealed 
after manufacture, and before the hydraulic test. 


Hydraulic Test 

2407 ach seamless receiver is to be subjected to a 
hydraulic test of twice the working pressure, which it is to 
withstand without permanent set. 
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2408 ach receiver made of riveted steel plates for 
pressures up to 300 lb. per square inch is to be tested by 
hydraulic pressure to 1°5 times the working pressure, plus 
50 Ib. per square inch. Where higher working pressures are 
used, the test pressure need not be more than 200 lb. per 
square inch above the working pressure. 


General 


2409 All receivers above 6 inches internal diameter 
are to be so made that the internal surfaces may be examined 
and, wherever practicable, the openings for this purpose are 
to be sufficiently large for access. Means are to be provided 
for cleaning the inner surfaces by steam, or otherwise. 


2410 ach receiver which can be isolated from a 
safety valve is to be provided with a suitable fusible plug to 
discharge the contents in case of fire. 


2411 Each receiver is to be fitted with a drain arrange- 
ment at its lowest part, permitting oil and water to be blown 
out, 


Cross-reference 


2412 For scantlings of compressed air pipes, see E506 
and E512. 


Periodical Surveys 


2413 For periodical survey requirements, see Chapter C. 


BOILERS AND OTHER PRESSURE VESSELS 
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APPENDIX 


FIRMS RECOGNISED 


BY THE COMMITTEE FOR THE MANUFACTURE or Crass 1 


WELDED PRESSURE VESSELS. 


Note: The Society’s Office giving attendance at the Works is shown in brackets. 


FUSION WELDING 


United Kingdom 


Adamson, Daniel, & Co., 
(MANCHESTER.) 
Adamson, Joseph, & Co., Ld., Hyde, Cheshire. 
(MANCHESTER.) 
Ashmore, Benson, Pease & Co., Ld., Parkfield Works, 
Stockton-on-Tees. (MIDDLESBROUGH.) 
Babcock & Wilcox, Ld., Renfrew. (GLAsGow.) 
Balfour, Henry, & Co., Ld., Leven, Fife. (Lerrs.) 
Brown, John, & Co., Ld., Clydebank. (Gniascow.) 
Central Marine Engine Works (Wm. Gray & Co. Ld.). 
(West HARTLEPOOL.) 
Clark, Geo. & North Eastern Marine (Sunderland) Ld., 
Southwick Eng. Works (SUNDERLAND.) 
Clarke, Chapman & Co., Ld., Gateshead. (NEWwcASTLE.) 
Clayton, Son & Co., Ld., Pepper Road, Hunslet, Leeds 10. 
(LEEDs.) 
Cochran & Co. (Annan) Ld., Annan. (GLAsGow.) 
Danks, Edwin, & Co. (Oldbury) Ld. (BrruineHam.) 
Danks of Netherton Ld., Netherton. (BrrmineHam.) 
Davey, Paxman & Co., Ld., Standard Ironworks, 
Colchester, Essex. (LonpDoN.) 
English Electric Co., Ld., Stafford. (BrrMINGHAM.) 
Firth, Thomas, & John Brown Ld., Atlas Works, Sheffield. 
(SHEFFIELD.) 
Foster, Yates & Thom, Ld., Canal Works, Blackburn. 
(MANCHESTER.) 
Fraser, W. J., & Co., Ld., Monk Bretton, near Barnsley. 
(SHEFFIELD.) 
Harland & Wolff, Ld., Belfast. (BrLFast.) 
Harvey, G. A., & Co. (London), Ld., London, S.E.1. 
(Lonpon.) 
Head, Wrightson & Co., Ld., Thornaby-on-Tees. 
(MipDLESBROUGH.) 
Horseley Bridge & Thomas Piggott, Ld., Tipton, Staffs. 
(BIRMINGHAM.) 
International Combustion Ld., Derby. (NorrincHam.) 
Jenkins, Robert, & Co., Ld., Rotherham. (SHEFFIELD.) 
Marshall & Anderson, Ld., Manse Road, Motherwell. 
Works:—Broomside. (GLAsGow.) 
Marshall, Sons & Co., Ld., Britannia Works, Gainsborough, 
Lincs. (SHEFFIELD.) 


Ld., Dukinfield, Cheshire. 
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Motherwell Bridge & Engineering Co., Ld., Motherwell. 
(GLASGow.) 

Newton Chambers & Co., Ld., Thorncliffe. (SHEFFIELD.) 

Robey & Co., Ld., Globe Works, Lincoln. (NorrincHam.) 

Ruston & Hornsby, Ld., Lincoln. (NorrryeHam.) 

South Durham Steel & Iron Co., Ld., Stockton-on-Tees. 
(MipDLESBROUGH.) 

Stephen, Alexander, & Sons, Ld., Glasgow. 

Thompson, John (Wolverhampton) Ld., Wolverhampton. 
(BrrMINGHAM.) 

Towler & Son, Ld., London, E.15. (Lonpon.) 

Weir, G. & J., Ld., Cathcart, Glasgow. 

Whessoe, Ld., Darlington. 


Wright’s Forge & Engineering Co., Ld., Tipton, Staffs. 
(BIRMINGHAM.) 


(GLAsGow.) 


(GLASGOW.) 


(MIDDLESBROUGH.) 


Yarrow & Co., Ld., Scotstoun, Glasgow. (GLAsGow.) 


Australia — 

Babcock & Wilcox of Australia Pty., Ld., Regents Park, 
N.S.W. (SypDNEY.) 

Cockatoo Docks & Engineering Co., Pty., Ld., Sydney, 
N.S.W. (SypDNEY.) 


Commonwealth Ordnance Factory, Maribyrnong, Victoria. 
(MELBOURNE.) 

Smith, Bernard, Pty., Ld., Sydney, N.S.W. (SypDNEyY.) 

Thompsons (Castlemaine) Ld., Melbourne, Victoria. 
(MELBOURNE.) 

Tomlinson Steel Ld., Perth, Western Australia. 
(FREMANTLE.) 

Austria 

Vereinigte Osterreichische Eisen und Stahlwerke A.G., 

Linz an der Donau. (VIENNA.) 


Belgium 
Cockerill-Ougrée, S.A., Seraing. (ANTWERP.) 


Canada 


Canadian General Electric Co., Ld. (Canadian Allis- 
Chalmers, Ld.), Davenport Works, Toronto. 
(ToRONTO.) 
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Canada—continued. 

Canadian Vickers, Ld., Montreal. (MonrTREAL.) 

Davie Shipbuilding Ld., Lauzon, P.Q. (MonTREAL.) 

Dominion Bridge Co., Ld., Lachine, Quebec. (MoNTREAL.) 

Foster Wheeler, Ld., St. Catharines, Ontario. (ToRoNTo.) 

Inglis, John, & Co., Ld., Toronto. (ToRoNTo.) 

Vancouver Iron Works, Ld., Vancouver, B.C. 
(VANCOUVER.) 

Denmark 

Aalborg Vaerft A/S., Aalborg.. (AALBoRG.) 

Burmeister & Wain, A/S., Copenhagen. (CopENHAGEN.) 

Helsingor Skibsvaerft & Maskinbyggeri, Elsinore. 
(COPENHAGEN.) 

Finland 

Wartsila-koncernen A/B, Maskin och Bro, Helsingfors. 

(HELSINGFORS.) 


France 
Chantier de l’Atlantique (Penhoét-Loire), St. Nazaire. 
(NANTEsS.) 
Compagnie de Fives-Lille, Fives-Lille, Nord. 
(VALENCIENNES. ) 
Sté. des Chantiers Reunis Loire-Normandie, (Chantier de 
Nantes). (NANTEs.) 
Sté. Francaise des Constructions Babcock & Wilcox, 
La Courneuve, Seine. (ROUEN.) : 


Germany 
Borsig A.G., Berlin-Tegel. (BErRLIN.) 
Bremer Vulkan, Bremen-Vegesack. (BREMEN.) 


Deutsche Babcock & Wilcox Dampfkesselwerke A.G., 
Oberhausen. (DussELDoRF.) 


Deutsche Werft A.G., Hamburg. (Hampura.) 
Guttehoffnungshiitte Oberhausen A.G., Werke Sterkrade, 
Oberhausen-Sterkrade. (DussELDoRF.) 
Howaldtswerke A.G., Kiel. (KreEt.) 
Klockner-Georgsmarienwerke A.G., Osnabruck. (HANOVER.) 
Koerver & Lersch, Krefeld. (DusseLporr.) 
Krupp, Fried., Essen. (DussELDorRF.) 
Mannesmann Hiittenwerke A.G., Duisburg-Huckingen. 
(DussELDORF.) 
Maschinenfabrik Augsburg-Niirnberg A.G., Augsburg. 
(AuGsBuRG.) 
Maschinenfabrik Augsburg-Niirnberg A:G., Gustavsburg. 
(MANNHEIM.) 
Phoenix-Rheinrohr A.G., Mulheim, Ruhr. (Dusse.porr.) 
Ruhrstahl A.G., Henrichshiitte, Hattingen-Ruhr. 
(DorrmunD.) 
Siller & Jamart, Wuppertal-Barmen. (DussELDORP.) 
Stahl-und-Réhrenwerke Reisholz A.G., Dusseldorf-Reisholz. 
(DuSsELDORF.) 
Steinmuller, L. & C., G.m.b.H., Gummersbach/Rhld. 
(HAMBURG.) 
Weser A.G., Bremen. (BREMEN.) 
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Holland 
“Breda,” N.V. Machinefabrik, v/h Backer & Rueb, 


Rotterdam. (RoTTERDAM.) 
Bronswerk-Amaf., Amersfoort. (AMSTERDAM.) 
Jonker, N.V. Hk., & Zoon, Amsterdam. (AMSTERDAM.) 
Kon. Mij. “De Schelde” N.V., Vlissingen. (RorrerDAM.) 
Nederlandsche Dok en Scheepsbouw Mij. (AmMsTERDAM.) 
Nederlandsche Electrolasch Mij. N.V., Leiden. 
(RorrerDam.) 
Rotterdamsche Droogdok Maatschappij, N.V., Rotterdam. 
(RoTTERDAM.) 
Stork, Gebr., & Co. N.V., Hengelo. (AmMsSTERDAM.) 
Werkspoor, N.V., Amsterdam. (AMSTERDAM.) 


Italy 
Acciaieria & Tubificio di Brescia, Brescia. (G@ENOA.) 
Ansaldo Stabilimento Meccanico, Genoa. (GENoA.) 


Cantieri Riuniti dell’Adriatico. (TRistTer.) 

C.1.P.1. Costruzioni Impianti Petroliferi Industriali, 
Marghera, Venice (Also known as «Guido Sartori,” 
Venice.) (VENICE.) 

Franco Tosi 8.p.A., Legnano. (GENOA.) 

Nuovo Pignone, Industrie Meccaniche e Fonderia S.p.A., 
Stabilimento di Massa, Apuania. (GENOA.) 

Terni, Societa per l’Industria e l’Elettricita, Terni. 

(NAPLES.) 


Japan 
Babcock-Hitachi Kabushiki Kaisha, Yokohama. 
(YOKOHAMA.) 
Fuji Denki Seizo K.K., Kawasaki Works, Kawasaki. 
(YOKOHAMA.) 

Harima Shipbuilding & Engineering Co., Ld., Aioi. (Kosr.) 

Hitachi, Ld., Hitachi Works, Ibaragi-Ken. (YoxKouama.) 

Hitachi Shipbuilding & Engineering Co., Ld., Innoshima 
Shipyard, Innoshima. (Kose.) 

Hitachi Shipbuilding & Engineering Co., Ld., Sakurajima 
Shipyard, Osaka. (Kosr.) 

Ishikawajima Heavy Industries, Tokyo. (Yoxouama.) 

Ishikawajima Shibaura Turbine Co., Ld., Tsurumi Works, 
Yokohama. (YOKOHAMA.) 

Kawasaki Dockyard Co., Ld., Kobe. (Kose.) 

Kobe Shipyard & Engine Works, Mitsubishi Heavy Ind., 
Reorganised, Ld., Kobe. (Kose.) 

Maizuru Dockyard, Iino Sangyo Kaisha Ld., Amarube, 
Maizuru. (Kose.) 

Mitsubishi Shipbuilding & Engineering Co., Ld., Hiroshima. 


(Kosg.) 
Mitsui Shipbuilding & Engineering Co., Ld., Tamano. 
(Kosg.) 
Nagasaki Works, Mitsubishi Zosen Kabushiki Kaisha, 


Nagasaki. (KoBE.) 


Nippon Steel Tube Co., Tsurumi. (Yoxkonama.) 


ELECTRIC PROPELLING MACHINERY 


825 Shunt-operated contactors, releases, and relays are 
to be capable of functioning satisfactorily even when the 
line voltage falls to 80 per cent and 85 per cent for direct 
current circuits and alternating current circuits respectively, 
with the coils at the temperature which they will attain 
under normal service at the normal line voltage, and, in 
the case of alternating current circuits, at rated frequency. 


826 For the purpose of maintaining alignment and 
ease of operation, operating shafts are to be fitted with flexible 
couplings and expansion joints where necessary and means 
are to be provided for effective lubrication. 


827 All steel parts, including springs, are to be suitably 
treated to resist corrosion. 


Overload and Short Circuit Protection 

828 Provision is to be made for protection against severe 
overloads or electrical faults likely to result in serious injury 
to the plant, but the operating point is to be set sufficiently 
above the currents and loads usually experienced in a heavy 
sea-way or when manceuvring, to prevent interruption of 
power. 


Earth Detection 


829 The main propelling circuit is to be provided with 
means for detecting earth faults. 


830 For D.C. equipments exceeding 500 volts and for 
all A.C. equipments, aural and visual alarms are to be operated, 
but power supply is not to be interrupted on the occurrence 
of a fault, so that the plant may continue to operate with 
a single earth. If an earth connection be used for the 
operation of the detector, the arrangements are to be such 
that the earth circuit is automatically opened in order to 
stop the circulation of fault current. 


831 Earth detection devices are to be arranged to 
function for all earth leakage faults exceeding five amperes. 
On three-phase alternating current systems at least 95 per 
cent of the generator and motor windings are to be protected. 

832 A switch may be installed to cut out the aural 
device to prevent continuous alarm, but in such case the 
visual device is to be automatically switched on when the 
aural device is switched off. 

833 Excitation circuits are to be provided with lamps, 
voltmeters or other suitable means to indicate continuously the 
state of the insulation of the system under running conditions. 


Mechanical Protection 


834 All exposed current-carrying parts having a 
potential of over 250 volts direct current to earth or 150 volts 
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alternating current to earth are to conform to the following 
requirements :— 

Terminals are to be enclosed. 

The sides and rear of switchboards and control panels 
are to be suitably screened. 

Access doors are to have prominent and permanent 
nameplates giving the maximum voltage, and are to be 
interlocked to prevent access while such parts are alive, or 
in approved cases are to be provided with a special key under 
the care of the chief engineer. 

Exposed current-carrying parts exceeding 250 volts to 
earth are not to be permitted on any switchboard or control 
panel. 

Bridge or Deck Control 

835 The control is to be simple and easy to operate. 

836 It is to be such that the operator cannot produce 
currents or loads in excess of the working capacity for which 
the plant is designed. 

837 Control is to be carried out without reference to 
electrical instruments. 

838 Alternative control in the engine room is to be 
provided, and so arranged that transfer of control to the 
engine room can be made in emergency without excessive 
loss of time. 

839 It is to be arranged so that simultaneous control 
of the propelling machinery from the bridge and engine room 
is not possible. 


Instruments and Gauges 

840 Instruments and gauges which are necessary for 
the efficient operation of the plant are to be provided. 
Particulars are to be submitted for consideration. In cases 
where the rotation of the propeller motors cannot readily be 
observed from the starting platform, indicators are to be 
provided. 

841 All essential instruments are to be capable of 
withstanding vibration and shock without impairment and 
are to be fitted in moisture-proof cases. 

842 Instruments are where necessary to be protected 
from the influence of stray magnetic fields. 

843 A 500 volt insulation tester, giving the resistance 
in megohms, for the purpose of testing and tracing faults is to 
be carried on all sea-going ships. 


Discharge Protection 

844 For the protection of the field windings and 
cables efficient means are to be provided for limiting the 
induced voltage when the field circuits are opened. 
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845 Where excitation is obtained from the auxiliary 
busbars efficient means are to be provided to limit the 
induced voltage on the busbars when the generator or 
distribution circuit breaker opens. 


Direct Current Systems 

846 Where two or more direct-current generators are 
connected in series, means are to be provided to prevent 
the reversal of the prime mover on the failure of the power 
supply to any one generator if such reversal would result in 
damage or overspeeding. 


847 If the regenerated energy transmitted by the 
propeller motor on stopping or reversing the propeller is of a 
magnitude that would cause an undue increase in the engine 
speed, means are to be provided for suitably absorbing 
or limiting such power. 


848 Where the propulsion generators are also to be 
used for other purposes, suitable overload protection and 
provision for voltage adjustment are to be arranged in 
conformity with the requirements of Chapter M. 


Reversing Switches 

849 Contactors or switches used for reversing the 
rotation of the propeller are to be mechanically interlocked 
to prevent the circuits for ahead and astern rotation being 
closed simultaneously. 


850 The reversing contactors or switches are also to 
be provided with means for forcing them open if they should 
become stuck in the closed position. 


Resistances 

851 Resistances are to comply with the requirements 
of M 1318 to M 1816. 

852 Shunt resistances connected across the field circuit 
of synchronous propelling motors when they are functioning 
as induction motors are to be suitably insulated for the 
voltage induced when reversing and amply rated to allow for 
inadvertent delay during the reversing operation. 


Temperature Alarm 

853 Machines having an enclosed ventilating system 
or ducts for the exhaust air are to have an aural alarm device 
arranged to operate when the outgoing air exceeds the 
predetermined safe value. 


Reversing Levers and Handwheels 

854 Propeller reversing levers or handwheels are to 
be clearly and permanently marked with the positions for 
ahead and astern working. Levers or handwheels placed 
athwartships are to be arranged for right hand or clockwise 
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rotation for ahead working or if operated in a fore and aft 
direction to be arranged to correspond with the direction in 
which the ship is moving. 


Auxiliary Power 

855 Distribution circuits connected to the auxiliary 
busbars for excitation and lubricating oil pumps, etc., are 
to be suitably protected from interruption due to overloading 
of non-essential circuits. 


Speed Control 

856 In multiple-propeller ships where the propeller 
speed is arranged to be varied by voltage control or other 
electrical method, means are to be provided to permit an 
adjustment between 50 per cent and 100 per cent of 
maximum rated speeds in a suitable number of steps. 


Section 9 


CONDUCTORS AND CABLES 

Conductors 

901 All conductors are to be of annealed copper 
conforming to the Standards of the International Electro- 
technical Commission Publication No. 28. 

902 Where the insulating covering of the conductor 
contains sulphur, each wire is to be efficiently and uniformly 
coated with tin free from all impurities. 


903 Conductors in any circuit essential for manceu- 
yring or maintenance of propelling power are to be stranded 
and to consist of not less than seven strands and to have a 
sectional area not less than ‘0045 square inch (7/029 in.). 


904 The size of conductor is to be selected so that the 
drop in voltage, when carrying rated full load and overloads, 
is not greater than that allowed for in the design of the 
machines. 


905 The current in any conductor is not to exceed 
that given in Chapter M, Tables I to V, when carrying 
current continuously or Table VI when intermittently loaded. 
In no case is a shorter rating than one half-hour to be 
taken. In the case of field discharge circuits, particulars 
should be submitted for consideration. 

Field currents, when the windings are cold, are to be taken 
into consideration when determining the size of conductors. 

906 Where multicore cables are used the dimensions 
are to be submitted for approval. 

907 Busbars and connections are to be in accordance 
with Chapter M, Appendix 1, and, if used for connections to 
machines, must be rigidly and strongly supported, efficiently 
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insulated and guarded, and protected from drip and jets of 
Pipes are not to enter ducts containing 
Suitable means are to be arranged for 


liquid or steam. 
such connections. 
draining any accumulation of moisture in ducts. 


Insulation and Protective Covering of Cables 


908 All cables are to conform to the requirements 
of M7. 


Installing and Fixing of Cables 


909 All cables are to be installed and fixed in 
conformity with the requirements of M 9. 


910 Cables are to be run in accessible, well-ventilated 
positions where they can be easily inspected. 


Cables for Alternating Currents 


911 Where single-core cables are used for alternating 
current circuits rated in excess of 5 amperes :— 

The armouring, if any, is to be non-magnetic material. 

Magnetic material is not to be used between such cables. 

Such cables are to be so arranged that the inductive 
effects of the groups are substantially eliminated. 


912 All single-core metal sheathed cables are to have 
their metal sheaths bonded together, and earthed either at 
approximately the mid-point of the cable run or at both 
ends. In the former case such cables are to be carried on 
insulators to prevent the circulation of currents in the metal 
sheaths. The metallic sheaths of multicore cables rated 
in excess of 10 amperes are to be earthed at each end and 
long runs are also to be earthed intermediately. 


913 Magnetic material is not to be used between single- 
core cables of a group. Where cables pass through bulkheads 
or steel panels, all the conductors of the same set are to pass 
through a non-ferrous plate or gland so that no magnetic 
material passes between the cables, and the clearance between 
the cables and magnetic material is to be not less than three 
inches. 

Norr.—This paragraph does not apply to cables carrying 10 
amperes or less. 

914 Single-core cables are to be so arranged that the 
inductive effects of the group are practically eliminated. 


Cable Sockets 


915 Large cable sockets are preferably to be secured 
by two or more studs or bolts, not exceeding 3 inch diameter, 
and the nuts securely locked. 
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Synchronous Motor Cables 

916 Cables connected to the collector rings of synchro- 
nous motors during manceuvring are to be suitable for the 
voltage induced during those periods. 


Interference with Magnetic Compasses 

917 Single-conductor circuits carrying continuous 
current are to be arranged with lead and return conductors 
fitted as close to one another as possible. Tests are to be 
made during the adjustment of the compasses to determine 
the effect of switching the main circuits on and off and 
careful records are to be kept of any errors observed, whether 
corrected or not. 


Section 10 


SECONDARY BATTERIES 
General 
1001 All batteries are to conform to the require- 
ments of M 16. 


Capacity 

1002 Batteries used for starting main propulsion 
engines in lieu of compressed air are to comply with the 
following :— 

If used for purposes other than starting, full particulars 
of the battery should be submitted for consideration. These 
particulars should include the capacity which it is estimated 
will be required to give not less than six consecutive starts 
of each main engine, also details of the other uses for which 
the battery is intended; the facilities for charging should also 
be indicated. 

If used solely for starting main engines two batteries are 
to be fitted each capable of starting each main engine six 
times in succession without recharging. Details of the 
charging arrangements are to be submitted for consideration. 

Plans showing the location and arrangement of battery 
compartment are to be submitted for approval. 


Section 11 
TRIALS 

Works Tests 

1101 ‘The machines, switchgear, main cables and control 
gear, are to be tested in the presence of the Surveyors at the 
makers’ works so far as practicable to ensure compliance with 
the requirements relating to temperature rise, dielectric 
strength, insulation resistance and operating characteristics. 
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1102 The dielectric test to be applied to the control gear 
is to be equal to the test for that part of the machine to 
which it is to be connected or otherwise is to be 1,000 volts 
plus twice the rated voltage of the circuit with a minimum 
of 2,000 volts between poles and between current-carrying 
parts and earth ; the test voltage is to be maintained for one 
minute and is to be made with alternating current at any 
convenient frequency between 25 and 100 cycles per second. 


1108 The rotor windings of turbine driven alternators 
are to be tested for insulation resistance when rotating at 
maximum rated speed, as well as at standstill. 


Ship Trials 
1104 After installation on board the entire propelling 
equipment is to be tested under working conditions and 
operated in the presence of the Surveyors and to their 
satisfaction. 
The insulation resistance of the main windings of each 
machine in megohms should be not less than 
3.x rated voltage 
rated kVA + 1000 
The insulation resistance of cables, field windings and 
control gear when isolated and separated for testing purposes 
should be not less than one megohm. 


All insulation tests are to be made where possible when 
the machines are hot and with a D.C. voltage of about 500 
applied for sufficient time for the indicator to become 
practically steady. 


Section 12 


SPARE GEAR 

1201 For the efficient operation of the ship, articles 
of spare gear, so far as they are applicable, should be 
supplied as specified in 1202-1205. Owners should arrange 
to replace or make good used items as opportunity occurs. 

1202 Owing to the varied character of equipments an 
exact list of spares cannot be specified and a list should be 
submitted for consideration together with or subsequent to 
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the submission of final plans. The articles mentioned in 
the following paragraphs should be included as a minimum 
for all ships engaged in open-sea service. 


1203 Generators, Motors and Exciters.— 

One set of bearing bushes, with oil rings, if used, of each 
size and type for the propulsion generators, motor and 
exciter. 

Two lines of brush holders of each size and type. 

One set of carbon brushes for one generator, exciter, and 
one motor. 

One shunt field coil of each size and kind used for D.C. 
generators, exciter and motors. 

One set of insulation or insulated brush studs for two 
lines of brushes of each size and type. 

In cases where there is no stand-by exciter or alternative 
means of excitation, spare armatures for the excitation 
machines may be required. 

One set of slip rings for one motor if of the A.C. type. 


1204 Switch and Control Gear.— 

One set of contacts liable to burning or wear. 

One set of springs. 

10 per cent of each different resistance element, but at 
least one of each. 

One of each type of shunt wound coil used for contactors, 
relays, or trip coils. 

Two fuse handles of each type and size, or 10 per cent, 
but not less than 12 of each type of cartridge or other 
non-rewireable cut-out. 


1205 General.— 

Special dismantling tools, if any, required for overhauling 
machines or control gear. 

100 yards of control cable. 

A suitable quantity of insulating tape and fuse wire. 


1206 Storing.— 

Electrical spares should be protected against excessive 
heat, and against moisture and rodents, and should be 
periodically tested. 
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ELECTRICAL EQUIPMENT 


(For purposes other than Electric Propulsion) 


Section 1 
GENERAL 


101 In cases in whieh electricity is used on 
board classed ships for purposes other than electric 
propulsion, the following Rules are to be observed. 


102 The equipment and installation are to be 
inspected and tested by the Surveyors. 


103 In order to facilitate inspection, an arrange- 
ment plan and circuit diagram of the switchboard, 
also diagrams of the wiring system showing cable 
sizes, type of insulation, and normal working current 
in the circuits are to be submitted in triplicate for 
approval. The plans are to state the insulating 
material used for the switchboard panels, the 
materials used for insulating bushes, if any, and the 
capacity, type and make of fuses. 


104 All conductors, switchgear, and accessories, 
are to be of such size as to be capable of carrying, 
without their respective ratings being exceeded, the 
maximum current which can normally flow through 
them. 


405 Any novelty in construction, materials or 
design not specifically dealt with in these Rules is 
to be reported to the Committee. 


106 In special cases the Committee are prepared, 
at the request of the Owners, to accept installations 
which, whilst not precisely in accordance with the 
detailed requirements of the Society’s Rules, comply 
either wholly or in part with a Code of Regulations 
officially recognised by the Law of the Country in 
which the ship is owned, provided such Code or 
appropriate section thereof governing the equipment 
is considered to be equivalent to the Society’s Rules. 


In such cases the requirements with regard to 
inspection and testing and the submission of plans 
are to be carried out in accordance with the Society’s 
Rules. 


333 


407 An addition, temporary or permanent, is 
not to be made to the authorised load of an existing 
installation until it has been definitely ascertained 
that the current-carrying capacity and the condition 
of the existing accessories, conductors, switchgear, etc., 
affected are adequate for the increased load. 


408 Alterations and additions to an existing 
installation are to be carried out under the inspection, 
and to the satisfaction, of the Surveyors, and in 
accordance with the latest requirements of the Rules. 
If the alterations are extensive, plans are to be 
submitted for approval. 


Standard Systems 


409 The following systems of distribution may 
be used :— 
(a) Parallel systems with constant pressure— 
Direct Current 
Single wire with hull return; 
Two-wire; 
Three-wire with mid wire earthed. 
Alternating Current 
Single-phase two-wire ; 
Three-phase- 
Three-wire; 
Four-wire with neutral earthed but 
without hull return. 
(b) Series systems with constant current (direct 
current only). 


Limiting Pressures 


440 
(a) For parallel systems with constant pressure 
system voltages for both alternating cur- 
rent and direct current shall not exceed :— 
500 volts for generation; power; cooking 
and heating equipment permanently 
connected to fixed wiring. 
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250 volts for lighting, heaters in cabins 
and public rooms and other applications 
not mentioned above. 


(b) With constant current series systems (direct 
current only) 650 volts. 


444 In very large alternating current installa- 
tions, generation and limited distribution at higher 
voltages (e.g., 3,3 kV) may be submitted for special 
consideration. 


Section 2 


GENERATING PLANT 
Prime Movers 


201 Where a turbine- driven direct - current 
generator is arranged to run in parallel with other 
generators, a switch is to be fitted on each turbine 
emergency governor to open the generator circuit- 
breaker when the emergency governor functions. The 
contacts of the overspeed switch are to be normally 
closed. ; 


202 The normal running speed of a combined 
generating set is not to be in the vicinity of a torsional 
eritical speed. 


Rating of Generators, ete. 


203 Generators, exciters, balancers, and boosters 
are to conform to Appendix 3. 


204 The temperature rise of generators, exciters, 
balaneers and boosters, except pipe-ventilated or 
water-cooled machines, in all ocean-going ships and 
ships operating in tropical waters measured in accord- 
ance with Appendix 3. and under working conditions 
is not to exceed the limits shown in Table XXIV. 

For pipe-ventilated machines taking cooling air 
from outside the machinery space where the normal 
temperature of the cooling air under service condi- 
tions will not exceed 104° F, (40° C.) the temperature 
rise is not to exceed the limits shown in Table XXV. 


For water-cooled machines with coolers using 
water with an inlet temperature not exceeding 85° F. 
(29-5° C.), temperature rises are to be measured rela- 
tive to the inlet temperature of the water and the 
permissible temperature rises shown in Table XXV 
may be increased by 18° F, (10° C.). 
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205 The temperature rise of generators, etc., in 
ships such as coasters, ferries and harbour craft in- 
tended solely for use in northern and southern waters 
outside the tropical belt is not to exceed the limits 
shown in Table XXYV. 


206 Flameproof generators are to conform to 
Appendix 6. 


Excessive Ambient Temperature 


207 Where the temperature of the cooling air 
exceeds 113° F. (45° C.) in the case of machines where 
Table XXIV applies and 104° F. (40° C.) where 
Table XXV applies or where water cooling is used 
and its temperature exceeds 85° F. (29-5° C.) the 
permissible temperature rise of the machines is to be 
reduced by an amount equal to the excess temperature. 


Direct-Current Generator Characteristics 


208 Generators other than those referred to in 
212 are to be cumulatively compound wound, except 
that where parallel-connected generators are installed 
so far apart as to render excessive the amount of 
copper in the equalising conductors, the generators 
may be shunt wound or compound wound with shunt 
characteristics. The series field windings are to be 
connected to the negative terminals of the generators. 


209 When tested with their prime movers, or 
when tested separately and the speed regulation of 
the prime mover is known, unless otherwise specified, 
generators are to be flat compounded with the shunt 
field windings self-excited and without alteration to 
the initial (normal voltage) adjustment of the 
shunt-field regulators. Where a generator is tested 
separately and the speed regulation of the prime 
mover is not known, the permanent increase in speed 
when the rated load is thrown off is to be taken as 
4 per cent of the full load speed, but the generator 
is to be arranged so that, if required, it can be flat 
compounded with a permanent increase in speed of 
6 per cent. 


210 Adjustment of compounding (if required) is 
to be effected before the acceptance test at the maker’s 
works. For generators larger than 400 kW per 1,000 
revolutions per minute this adjustment is to be made 
by means of diverters, the generator brushes being in 
the neutral position. For smaller generators this 
adjustment may, if desired, be made by movement of 
the brush position, provided that such movement is 
not to effect an alteration in the voltage of more than 
2 per cent of the rated voltage. 
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244. Where a generator with shunt charac- 
teristics is arranged for parallel running with other 
generators, and is tested with its prime mover (the 
shunt field winding being self-excited) and with a 
field setting of the shunt field regulator (see 215), the 
no-load voltage is not to be exceeded at any load, and 
the no-load voltage is not to exceed the full-load 
voltage by more than 15 per cent. The requirements 
of this clause do not preclude the use of compounding 
for the purpose of obtaining the correct generator 
characteristics. 


212 Generators used for charging secondary 
batteries without the use of regulating resistors in 
series with the batteries are either to be shunt wound, 
or to be compound wound and provided with switches 
to cut out the series windings. 


213 Generators driven direct from the screw 
shaft or the main engines are to be provided with 
suitable means for automatically maintaining a 
constant voltage at the distribution busbars. 


244 Diverters are not to be connected across 
commutating pole windings. 


Field Regulation for Direct-Current Generators 


245 Means are to be provided at the switch- 
board to enable the voltage of each generator to be 
adjusted separately. The equipment provided is to 
be capable of adjusting the voltage of the generator 
to within 0-5 per cent of the rated voltage for 
machines above 100 kW and 1 per cent of the rated 
voltage for smaller machines at all loads between 
no-load and full-load, with the generator coupled to 
its prime mover, at any permissible temperature 
within the working range. At the conclusion of the 
full-load temperature test, with full-load current and 
normal full-load voltage at the terminals when 
running at full-load engine speed, the voltage across 
the shunt field regulator with an ambient of 60° F. 
(15-6° C.) is not to be less than 14 per cent of the 
terminal voltage of the machine. The regulator is to 
be capable of reducing the no-load voltage to 10 per 
cent below the rated voltage with the generator cold 
and with the same ambient air temperature. 


Alternating-Current Generators 


216 Where alternating-current generators are 
installed means are to be provided for automatically 
maintaining the steady voltage at the busbars within 
plus or minus 24 per cent of the normal voltage. 
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217 In alternating-current systems, with one 
generator set as standby, the remaining sets are to 
have sufficient reserve capacity to permit the starting 
of the largest motor in the ship without causing any 
motor in service to stall or any other device to fail 
owing to excessive voltage drop on the system. 


Generator Rating Plate 


248 Every generator is to be fitted with a rating 
plate clearly and indelibly marked with the following 
information :— 

Maker’s name and machine number. 

Nature of supply—D.C. or A.C., 
frequency, number of phases, etc. 

Amps. power-factor, kVA. 

Speed. 

Winding type, i.e., compound, shunt, separately 
excited. 

Excitation voltage if separately excited. 


voltage 


Testing 


219 Every generator is to be tested at the 
maker’s works, and a certificate giving the results is 
to be submitted for approval. The tests are to 
inelude :— 

Temperature test at full load. 

Regulation (compounding). 

Voltage range with shunt regulator. 

Insulation resistance. 

High voltage test. 


Machines of 100 kW and over intended for 
supplying essential services are to be inspected by the 
Surveyors during manufacture and testing. 


Construction of Generators 


220 All working parts of generators are to be 
readily accessible, and all accessible live parts the 
voltage of which exceeds 250 volts direct-current to 
earth or 150 volts alternating-current to earth are to 
be suitably guarded or enclosed. 


221 Only Class A or Class B insulating mate- 
rials in accordance with Appendix 2 are to be used 
in the construction of generators. All generator 
windings are to be insulated from their frames and/or 
cores with mica or micanite, and the insulation 
between bar-wound armature conductors between 
upper and lower layers or equivalent portions, 
between which there is periodic full rated voltage, 
are to be of micanite or other non-hygroscopic 
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non-inflammable material. All generator windings are 
to be treated to resist moisture, sea air, and oil 
vapour. 


222 Where welding is to be applied to shafts for 
securing armature arms or spiders, plans showing 
the construction are to be submitted for consideration. 


Brush Position 


223 The final running position of the brushgear 
is to be clearly and permanently marked. 


Commutator Brushes 


224 Generator brushes for use on commutators 
or sliprings are to be of carbon, graphite, or metal- 
graphite, and are to be provided with flexible copper 
connections. 


225 Commutator brushes are to be staggered 
longitudinally in such a manner that in multipolar 
generators every part of the commutator working 
surface is swept by the brushes, to prevent the 
formation of ridges. The staggering is to be so 
arranged that in multipolar generators a positive 
brush is always in line with a negative brush on an 
adjacent brush arm. 

Commutator brushgear is to be mounted on the 
frame or bedplate of pedestal-bearing machines of 
150 kW per 1,000 revolutions per minute and above. 


Terminals 


226 Suitable terminals, clearly marked, are to 
be provided in an accessible position, convenient for 
wiring, and except where substantial mechanical cable 
clamps are supplied they are to be provided with cable 
sweating sockets. The terminals are to be effectually 
secured and are to be so spaced and/or shielded that 
they cannot be accidentally earthed, short-circuited, 
or touched. 


Mechanical Balance 


227 All generating plant is to be so constructed, 
erected, and supported, that when running at any and 
every working speed all revolving and reciprocating 
parts are well balanced, and the plant is not to give 
rise to any appreciable vibration on the test bed and 
in service. 


Lubrication 


228 Generators and their prime movers are to 
be efficiently and continuously lubricated auto- 
matically at all running speeds and all normal 
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working oil temperatures and, except for the 
generators of emergency sets (see 238), with the ship 
inclined from the normal at any angle up to 15 
degrees transversely and 10 degrees longitudinally, 
and when rolling up to 224 degrees from the vertical 
without the spilling of oil. Where ring lubrication 
is employed, the rings are to be so constrained that 
they cannot leave the shaft. Oil flingers or other 
suitable means are to be provided to prevent the 
lubricant from creeping along the shaft, or otherwise 
gaining access to the insulation of the machine or 
any live part thereof. Every oil-lubricated bearing 
is to be provided with a suitable overflow which, while 
permitting efficient lubrication when the machine is 
running, is to prevent the bearing from containing an 
excess of oil. 


229 Every self-lubricated sleeve bearing is to be 
fitted with an inspection lid and means for visual 
indication of the oil level. 


Plant to be Earthed 


230 The bedplates and frames of the generating 
plant are to be effectually earthed, and insulation is 
not to be interposed between the prime movers and 
the generators. 


Shaft Currents 


231 Means are to be taken to prevent the in- 
duction of currents likely to cireulate between the 
shafts and the bearings. 


Spare Plant 

232 Every sea-going ship in which electric 
power is used for essential services, is, except where 
other means are available for maintaining these 
services, to be provided with two or more generating 
sets of such combined output that in the event of one 
set being disabled the remaining generating plant is 
capable of supplying the essential services. 


Position in Ship 


233 The compartments in which the machines 
are placed are to be well ventilated, and free from the 
likelihood of an accumulation of inflammable gases. 
The machines are to be clear of all inflammable 
material and easily accessible, and they are to be so 
arranged that under any condition of excitation the 
compasses are not appreciably affected. 
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234 Generators are to be placed in positions in 
which they are not exposed to risk of mechanical 
injury or to damage from water, steam, or oil. Every 
open-type generator is to be fitted with a canopy to 
protect the windings and commutator or sliprings 
from drip. Suitable handrails are to be provided 
where necessary to obviate the risk of injury to 
persons. 


235 Generators other than those of emergency 
sets are preferably to be placed with their axes of 
rotation in a fore-and-aft direction. 


236 No unprotected woodwork or unprotected, 
readily combustible material is to be within a distance 
of 12 inches measured horizontally from, or within 
4 feet measured vertically above, any generator, 
unless the latter is of the enclosed type. 


Ventilation 


237 Ample provision is to be made for supplying 
clean cool air to, and removing hot air from, the 
generators, and for preventing the admission of moist 
or oil-laden atmosphere. Where the generators are 
not ventilated by a closed system using water coolers, 
they are to be ventilated with cool air. 


Emergency Sets 


238 Emergency sets are, if practicable, to be 
placed with their axes of rotation in a fore-and-aft 
direction. The lubrication and water cooling of emer- 
gency sets shall be efficient, without the spilling of 
oil or water, at all running speeds and all normal 
working oil temperatures, and with the ship inclined 
from the normal at any angle up to 224 degrees trans- 
versely and 10 degrees longitudinally. 


Clearance from Oil Vents 


239 Open-type generators are to be so located 
that there is adequate clearance from oil vents of gear 
cases, crank cases, ete., in order to avoid the possibility 
of the fumes from such vents being drawn into the 
generators. 


240 If water-cooled heat exchangers are used 
they are to be so arranged as to prevent leakage or 
condensation from the cooler tubes from entering the 
machine. 
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SWITCHBOARDS AND SWITCHGEAR 
(other than Machine Control Gear, dealt with in M 43) 
Position of Switchboards 


301 Switchboards are to be placed in accessible 
well-ventilated positions, free from inflammable gases 
and acid fumes, and in which they are not exposed to 
risk of mechanical injury or to damage from water, 
steam, or oil. 

Sufficient ventilation and circulation of air are to 
be provided to dissipate the heat losses and to prevent 
condensation. 


302 No unprotected woodwork or unprotected, 
readily combustible material is to be within a distance 
of 12 inches measured horizontally from, or within 
4 feet measured vertically above, any live metal. 


303 Cupboards or compartments containing 
switchboards must be composed of fire-resisting 
material or fitted with approved lining. 


Materials 


304 Switchboards are to be constructed wholly 
of durable, flame-retardent, non-absorbent materials 
of adequate strength except as allowed by 306. 


305 Where synthetic insulating material is used, 
it is to be of permanently high dielectric strength and 
insulation résistance and non-hygroscopie, and unless 
it is of the synthetic-resin-bonded sheet type full 
particulars of appropriate type tests are to be sub- 
mitted for consideration (see Appendix 2, paragraph 
2). Only approved materials are to be used. Where 
used for panels, such materials are to be coated with 
insulating varnish or enamel over their entire surface, 
ineluding such parts as have been exposed by drilling 
or other machining operations. 


306 Where semi-insulating materials such as 
marble or slate are used, all conducting parts on each 
insulated pole are to be insulated from the slate or 
marble slabs with bushes and washers of mica or other 
non-absorbent insulating material. 


General Construction 

307 The various live parts are to be so arranged, 
by suitable spacing or shielding with non-ignitable 
insulating material, that an are cannot be maintained 
between any such parts or between such parts 
and earth. 
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308 All parts, including connections, are to be 
readily accessible, and live parts mounted on the back 
of panels and distribution fuse-boards are to be so 
screened as to prevent them from being inadvertently 
touched. 


309 Where a voltage exceeding 250 volts direct- 
current or 150 volts alternating-current to earth is 
used, the following requirements are to be complied 
with :— 

The sides and rear of switchboards and control 
panels are to be suitably guarded. 


Access doors are to have prominent and 
permanent nameplates indicating the maximum 
voltage. 


Exposed live parts operating at such voltages are 
not to be installed on the face of any switchboard or 
control panel. 


310 Every fuse (other than one protecting an 
instrument or a pilot lamp) fixed on a switchboard is 
to be fitted on the front thereof, subject to the 
exception that it may, if desired, be mounted on a 
framework behind the switchboard, provided that the 
fuse is well clear of busbars, connections, circuit- 
breakers, and live parts, and an unobstructed gangway 
of not less than 2 feet is left behind the switchboard. 


311 All nuts and screws which are used in 
connection with current-carrying parts and working 
parts are to be effectually locked so that they cannot 
become loose. 


312 The connecting wires to every voltmeter, 
wattmeter voltage coil, synechroscope and pilot lamp 
(if any), and to every earth lamp, are to be protected 
individually by a fuse on each insulated pole, the fuse 
being placed as near as practicable to the source 
of supply except that where such instruments are 
supplied from a potential transformer with fuses on 
the primary and secondary sides, a single fuse on 
each live pole of the secondary side of the transformer 
may be substituted for the individual fuses for each 
instrument. 


313 Switches, circuit breakers and contactors 
are, whenever practicable, to be so connected that 
their blades or moving parts are not alive in the off 
or de-energised position. 


314 Every equaliser switch and its busbar is to 
have a current-carrying capacity of not less than half 
the full-load current of the generator. 
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345 Switches and fuses fitted on the same pole 
are, preferably, to be so arranged that the fuses are 
not alive when the corresponding switches are in the 
off position. 


346 Where single-pole switches or fuse-switches 
are required under these Rules, they are to be fitted 
on the same pole throughout the installation. 


317 Where access is provided behind a switch- 
board, the unobstructed gangway is to be not less 
than 2 feet in width, except that this may be reduced 
to 18 inches in way of stiffeners and frames, and an 
insulated handrail is to be installed behind the panel. 


318 Every open-type switchboard is to be pro- 
vided with an insulated handrail fitted in front of 
the panel. 


Earthing 


319 The following parts of switchboards and 
switchgear are to be effectively earthed :— 


The frames, if of metal. 


The metal cases of instruments used in circuits 
having a voltage to earth exceeding 250 volts direct- 
current or 150 volts alternating-current. 

The secondary windings of all instrument 
transformers. 


Busbars,. etc. 


320 All busbars and busbar connections on 
switchboards are to be of copper and are to comply 
with the requirements of Appendix 1. 


Fuse-Switches and Circuit-Breakers 

321 Where a separate fuse and switch, or 
separate fuses and a linked switch, are required under 
these Rules, they may, if desired, be replaced by an 
overload circuit-breaker (or fuse-switch) or by a 
linked overload circuit-breaker (or a linked fuse- 
switch) respectively. 


Labels 


322 All measuring instruments and all apparatus 
controlling circuits are to be clearly and indelibly 
labelled for identification. An indelible label is to be 
permanently secured to, or adjacent to, every fuse and 
every circuit-breaker, and marked with particulars of 
the full-load current of the generator or cable which 
the fuse or circuit-breaker protects. The labels for 
rewirable fuses are also to be marked with the appro- 
priate size of fuse-element. Where inverse-time-limit 
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and/or reverse current devices are provided in 
connection with a circuit-breaker, the appropriate 
settings of these devices are also to be stated on the 
label. Nameplates are to be of flame-retardent 
material, and, if of metal, they are to be so disposed 
as not to involve risk of short circuits or earth faults. 


Inclination, Vibration and Shock 


323 All apparatus is to be arranged to function 
satisfactorily with the ship inclined from the normal 
at any angle up to 15 degrees transversely and 10 
degrees longitudinally, and when rolling up to 223 
degrees from the vertical, and under such conditions 
of vibration and shock as are likely to arise in practice. 


Apparatus connected to the emergency system 
is to be satisfactory with the ship inclined up to 
224 degrees transversely and 10 degrees longitudinally. 


Generator Switchgear 


324 Every main switchboard and every emer- 
geney switchboard is to be fitted as a minimum with 
the switchgear as specified in 325 to 328. 


325 Where only one direct-current generator is 
installed, or where more than one generator is 
installed, the generators not being arranged to run 
in parallel :— 


(a) If a single-wire or a two-wire earthed system : 
either a single-pole overload circuit-breaker, or a 
fuse and a single-pole switch, on the insulated pole. 


(b) If a two-wire insulation system: either a 
double-pole overload circuit-breaker, or a fuse on 
each pole and a double-pole linked switch. 


326 Where more than one _ direct-current 
generator is installed, the generators being arranged 
to run in parallel :— 


For each generator: a cireuit-breaker with 
overload and reverse-current trips. If the generator 
be flat compounded in aceordanee with M 209, a 
single-pole equaliser switch is to be so interlocked 
with each circuit-breaker that it must be closed before 
the circuit-breaker and cannot: be opened until the 
main cireuit is opened. The reverse-current protection 
is to be connected on the positive pole (i.e., the pole 
opposite to that on which the equaliser connection 
is made). In a single-wire system or a two-wire 
earthed system the circuit-breaker is to be of the 
single-pole type, and in a two-wire insulated system 
it is to be of the double-pole type. 
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327 In direct-current three-wire systems :-— 


(a) For generators not arranged to run in 
parallel : a three-pole linked circuit-breaker with over- 
load protection in each outer pole. 


(b) For shunt characteristic generators arranged 
to operate in parallel: a three-pole linked cireuit- 
breaker with overload protection on each outer pole. 
Reverse-current protection is to be provided in one 
outer conductor. 


(c) For eompound-wound generators having the 
series field winding split (i.e. having half the winding 
connected to each pole) and arranged to operate in 
parallel : a five-pole linked circuit-breaker (two outers, 
two equalisers and a neutral) with overload protection 
between the armature and the points to which the 
equaliser busbars are connected. 


Reverse-current protection is to be provided and 
connected in one of the armature circuits. 


(d) In each case, whether for parallel or non- 
parallel operation, an over-current relay is to be pro- 
vided in the neutral, arranged to operate an alarm 
when the current in the neutral connection exceeds 25 
per cent of the generator current rating or at a value 
not exceeding the rating of the generator neutral, 
whichever is the less. 


No overload release is to be fitted in the neutral. 


328 Where one or more three-phase alternating- 
current generators are installed :— 


For each generator: a triple-pole linked circuit- 
breaker with overcurrent trips in at least two phases 
where the system is three-phase three-wire having the 
neutral insulated from earth or with overcurrent trips 
in each phase where the neutral is earthed or where a 
three-phase four-wire system is used. In a three-phase 
four-wire system a generator neutral isolating switch 
or link is to be installed. 

Where alternating-current generators are in- 
tended for parallel operation, reverse-power relays 


are to be provided if the generators have a rating 
exceeding 125 kVA. 


Main Switchgear for Outgoing Circuits 


329 Every main switchboard and every emer- 
geney switchboard is to be provided as a minimum 
with the switchgear as specified in 330 to 332. 
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330 Two-wire Drirecr-CurRRENT AND SINGLE- 
PHASE ALTERNATING-CURRENT SYSTEMS 


(a) If a single-wire or a two-wire earthed 
system : for each outgoing circuit a fuse and a single- 
pole switch on the insulated pole. 


(b) If a two-wire insulated system: for each 
outgoing circuit a fuse on each pole and a double-pole 
linked switch. 


(c) Where two or more generators, not operating 
in parallel, are installed: multiple-way switches so 
arranged that each outgoing circuit may at all times 
be connected to any generator or isolated. 


334. TuHREE-WIRE Direct-CurRENT SYSTEMS 


(a) For each outgoing three-wire circuit where 
the supply is given to three conductors: either a 
double-pole linked circuit-breaker controlling the 
outer conductors, or a fuse on each outer conductor 
and a double-pole linked switch controlling the outer 
conductors, : 


(b) For each outgoing two-wire insulated 
circuit from the middle wire and one outer of a three- 
wire system: either a double-pole linked circuit- 
breaker, or a fuse on each pole and a double-pole 
linked switch. 


(c) For each outgoing single-wire or two-wire 
earthed circuit from the middle wire and an outer of 
a three-wire system: a fuse and a single-pole switch 
on the insulated pole. 


332 THREE-PHASE ALTERNATING-CURRENT 
SysTEMS 


(a) For each outgoing three-wire circuit : either 
a triple-pole linked cireuit-breaker with overcurrent 
trips in accordance with the requirements of 328, or 
a fuse in each phase and a triple-pole linked switch. 


(b) For each outgoing two-wire insulated circuit 
to which a supply is given from one of the three 
conductors and the neutral: either a double-pole 
linked cireuit-breaker, or a fuse on each pole and a 
double-pole linked switch. 


(c) For each outgoing single-wire or two-wire 
earthed circuit to which a supply is given from one 
of the three conductors and the neutral: a fuse and 
a single-pole switch on the insulated pole. 


(d) For each outgoing four-wire circuit used 
to supply a section board or distribution fuse-board 
from which three-wire or two-wire circuits are 
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supplied: either a triple-pole linked cireuit-breaker 
with an overload trip in each phase, or a fuse in each 
phase and a triple-pole linked switch. 


Prohibition of Fuses and Non-linked Switches in 
Certain Conductors 


333 A fuse, non-linked switch, or non-linked 
circuit breaker, is not to be inserted in :— 


(a) The middle wire of a direct current or 
single-phase three-wire circuit. 


(b) The neutral of a three-phase four-wire 
circuit. 


(c) The earthed conductor of a single-wire or 
two-wire earthed system. 


334 Isouarine Link (three-wire and three-phase 
cireuits).—The requirements of 331(a), 332 (b), 332 
(c) and 3338, do not preclude the provision (for testing 
purposes) of an isolating link having at least as large 
a current-carrying capacity as the conductor which it 
is intended to isolate. Such link is to be securely fixed 
to its terminals by bolts or screws, and is to be used 
to isolate such conductor only when the other 
conductors are isolated. 


Instruments 


335 Every main switchboard and every emer- 
geney switchboard is to be provided with the 
instruments specified in 336 to 338. 


336 Two-wirE Direct-CurrENt SysTEMS 


Where one generator is installed: one ammetei 
and one voltmeter. 


Where more than one generator is installed, the 
generators not being arranged to run in parallel: 
for each generator installed, one ammeter and one 
voltmeter. 


‘Where more than one generator is installed, the 
generators being arranged to run in parallel: an 
ammeter for each generator, and two voltmeters. A 
plug or a linked double-pole multiple-way switch is to 
be provided to enable one voltmeter to be connected 
to any one generator before the machine is connected 
to the busbars; and the other voltmeter is to be per- 
manently connected to the busbars. For compound 
machines the ammeter is to be connected on the 
positive pole (i.e., the pole opposite to that to which 
the equaliser connection is made). 
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337 THREE-wiIRE Direcr-CurrENTt SysTEMS 

Instruments as specified for two-wire systems, 
and, in addition, a voltmeter connected between the 
neutral and each outer busbar. 


338 THREE-PHASE ALTERNATING-CURRENT 
SYSTEMS 
Where only one alternating-current generator is 
installed, or where more than one alternating-current 
generator is installed, the generators not being 
arranged to run in parallel: for each generator, one 


voltmeter, and an ammeter in each phase conductor or * 


one ammeter and a selector switch designed to permit 
the reading of the current in each phase. 

Where more than one alternating-current 
generator is installed, the generators being arranged 
to run in parallel: a wattmeter, and an ammeter in 
each phase conductor or an ammeter and a seleetor 
switch designed to permit the reading of the current 
in each phase; for paralleling purposes, two volt- 
meters and a _ synchronising device, the latter 
comprising a synchroscope and lamps arranged for 
bright synchronising. A plug or a linked double- 
pole multiple-way switch is to be provided to enable 
one of the voltmeters to be connected to each phase 
of any one generator before the machine is connected 
to the busbars; and the other voltmeter is to be 
permanently connected to one phase of the busbars. 


Instrument Scales 


339 The upper limit of the scale of every volt- 
meter is to be approximately 120 per cent of the 
normal voltage of the circuit; and the upper limit 
of the scale of every ammeter is to be approximately 
150 per cent of the current rating of the circuit in 
which the ammeter is connected. Ammeters for use 
with direct-current generators which may operate in 
parallel are to be capable of indicating a reverse 
current of at least 15 per cent of the rated full load 
current of the generator. 


Earth Testing 

340 Every main switchboard and every emer- 
gency switchboard is, except where one pole or the 
neutral is solidly earthed, to be provided with suitable 
means for indicating the state of the insulation of the 
system. 


344. Where an earth-indicating system using 
lamps is adopted, earth-indicating lamps are to be of 
the metal-filament type each not exceeding 30 watts. 
The system employing a single lamp is not to be used. 
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For the special requirement for ships carrying 
oil having a flash point below 150° F. (65-5° C.) see 
M 1508. 


Nore.—To facilitate comparison of the brilliance of earth- 
indicating lamps they should be of the same colour and size and 
should be placed not more than 6 inches apart. 


Protection of Essential Services 


342 Where the auxiliary machinery is entirely 
or almost entirely electrically driven, means are to 
be provided to ensure as far as is practicable a 
continuous supply of power to essential services. 


343 Where two or more generators are required 
to run in parallel to supply the maximum load under 
sea-going conditions the protective devices are to be so 
arranged that in the event of the generators becoming 
overloaded the non-essential services are interrupted 
first, and the essential services are maintained by the 
generator or generators which remain in operation. 

NoTEe.—The operating or tripping circuits referred to in this paragraph 
should, where necessary, be arranged with auxiliary contacts or similar 


means to ensure that the generators are completely isolated when 
the circuit-breakers are in the off position. 


For preference tripping systems the following settings are preferred :— 


The over-current protection relays should preferably be set to operate 
at 150 per cent for main generator circuit-breakers and 110 per cent 
for preference tripping, expressed as a percentage of the rated current 
of the generator. 


Where time-delays are fitted the preferred time-delays at the fore- 
going over-currents are:— 


Main generator circuit-breaker - ... 20 seconds 
Third tripping circuit-breaker or relay ... 15 seconds 
Second tripping circuit-breaker or relay ... 10 seconds 
First tripping circuit-breaker or relay 5 seconds 


Circuits to electrically-driven machinery essential for the preservation 
of perishable cargo should be included in the last group to be dis- 
connected, 


Over-Current Protective Devices 


344 Devices for protection against over-current 
and short circuit are to be of the type shown in the 
following schedule :— 


Current rating of generator or 
cable protected by device 


Type of device to be used 


| 


Up to 200 amperes | Fuse or circuit-breaker 
201 to 300 amperes Fuse or circuit-breaker* 
Above 3800 amperes | Circuit-breaker 


*It is recommended that a circuit-breaker be used in preference 
to a fuse. 


Switches and Circuit-Breakers 


345 Each switch, switch-fuse and circuit-breaker 
is to comply with the requirements of 346 to 361. 
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346 The maximum temperature rise of all 
eurrent carrying parts, with the exception of coils and 
thermo-tripping devices is not to exceed the following 
values :— 


MAXIMUM TEMPERATURE RISE 


RATING _ 
Open Type Totally Enclosed 


36° F. (20°.C.) | 54° F. (80° C.) 
54° F. (30° ©.) | 54° F. (80° C.) 
72° F. (40° C.) | 72° F. (40° ©.) 


Up to 100 amperes 
101 to 2000 amperes 
Above 2000 amperes 


When the main contacts have an adequate and durable 
silver facing the permissible temperature rises may be 
increased by 18° F. (10° C.). 

The temperature rise of thermo-tripping devices 
is not to exceed 288° F. (160° C.) as measured by 
thermo-couple. 


347 The maximum temperature rise of operat- 
ing coils is not to exceed the values shown in Table 
XXIII. 

348 All stem connected switches are to have the 
contacts and hinges dowelled or otherwise locked to 
prevent their getting out of alignment by rotation on 
the panel. 


349 The minimum number of connection nuts 
for each stud is to be two, but if a nut is required for 
clamping the part to the base, a third nut is to be 
supplied in addition. 


350 Every switch is to be capable of breaking a 
load current 50 per cent in excess of its rated current 


at rated voltage, 100 times for switches rated up to - 


60 amperes, and 10 times for larger switches, and be 
capable of being put into service at the conclusion 
without injurious overheating. 


354 Every cireuit-breaker is to be so adjusted 
that it will open the circuit when a current flows 
equal to not more than twice the rating of the smallest 
eable or bare conductor it is installed to protect, pro- 
vided that this requirement is not to apply to a motor 
circuit installed in aceordance with M505. Over- 
current settings are to be calibrated in amperes. — 


Nore.—It is preferred that circuit-breakers should be set to operate 
at over-currents (expressed as a percentage of the current rating of 
the cable protected) in accordance with the appropriate item in the 
following schedule :— 

Current setting 

.-- 125 per cent 
... 150 per cent 
. 200 per cent 


Continuously rated circuits 
Intermittently rated circuits ... app bas 
Steering-gear circuits and emergency circuits 
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352 Where reverse-current protection is provided 
the device is to operate at not more than 15 per cent 
of the rated full-load current of the generator with 
rated voltage across the potential coil, at any permis- 
sible temperature within the working range. 


The action of the reverse-current mechanism is 
not to be rendered inoperative by a reverse current of 
excessive value provided the applied voltage is not 
reduced by more than 50 per cent. A fall of 50 per 
cent in the applied voltage is not to render the device 


inoperative, but it may alter the amount of reverse 


current required to open the breaker. 


353 Every circuit-breaker rated at more than 15 
amperes is to be of the free-handle type, and is to be 
provided with suitable means of adjustment for deter- 
mining the current at which it is to open the circuit. 


354 Every circuit-breaker is to be so constructed 
that, irrespective of the method of tripping and the 
conditions of load, it will when operated break the 
cireuit effectually and without undue arcing. 


355 Every circuit-breaker is to have a breaking 
capacity not less than the prospective short-circuit 
current at the point in the circuit at which it is 
installed unless it is backed up by a fuse of suitable 
Category of Duty or by a circuit-breaker with an 
instantaneous trip setting of not more than 90 per 
cent of the breaking capacity of the device protected. 
The back-up protection is to have a breaking capacity 
not less than the prospective short-circuit current at 
the point where it is installed. Reports of tests to 
establish the maximum breaking capacity of circuit- 
breakers are to be submitted for consideration when 
required. 


356 Circuit-breakers are to be so arranged and 
placed that no inflammable material is endangered by 
their coming into action, and that the are cannot reach 
earthed metal. 


' 357. Where the current to be interrupted by a 
switch or circuit-breaker is of such magnitude as to 
cause damage to the contacts, suitable arrangements 
are to be made for the easy renewal of the damaged 
parts, without requiring the removal of the apparatus 
from its place. 


358 The handles and operating mechanisms of 
switches and circuit-breakers are to be mechanically 
strong, and are to be so designed and arranged that 
the hand of the operator, when using the device, 
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cannot accidentally touch live metal or be injured 
through an are arising from the switch or circuit- 
breaker or the blowing of an adjacent fuse. If 
switches are enclosed, their handles are not to operate 
through unprotected slots. 


359 Where switches are not fixed on a switch- 
board, the live parts are to be enclosed by covers of 
non-ignitable material. In positions in which they are 
liable to mechanical injury the covers are to be of 
rigid metal or are to be protected by a suitable guard. 
In other positions the covers may be either of rigid 
metal or non-conducting material. Metal cases are to 
be well clear of live parts, and where the switches are 
to operate at voltages exceeding 125 volts and are 
rated for currents exceeding 6 amperes, any parts of 
the cases which are adjacent to arcing contacts are to 
be lined with non-ignitable insulating material. 


360 All switches fixed in positions exposed to 
the weather, to drip, or to an excessively moist 
atmosphere, are to be contained in weatherproof cases 
which are to be provided with cable glands or bushings, 
or be adapted to receive screwed conduit, according to 
the way in which the cables entering these fittings 
are run. 


361 Each circuit-opening device is to be so 
constructed and arranged that when placed in the 
off position it eannot accidentally move sufficiently 
to close the circuit. 


Fuses 

362 Every fuse fitted on a switchboard, section 
board or distribution fuse-board is to comply with 
the requirements of Appendix 5 and with 363 to 368, 
and the choice from the categories referred to in 
the Appendix is to be made with regard to the 
prospective short-circuit current and the total output 
of the generators feeding the circuit in which the fuse 
is connected. 


363 Details of the construction and tests for 
rupturing capacity, temperature rise and insulation 
resistance of fuses are to be submitted for approval 
and only approved types of fuse are to be installed 
on switchboards, section boards and distribution 
fuse-boards. 


364 Each fuse is to be permanently and 
indelibly labelled with the current carrying capacity 
of the cireuit or generator protected by it and with 
the appropriate approved size of fuse or replaceable 
element. 
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365 The current rating of a fuse-element is not 
to exceed the current rating of the smallest cable in 
the cireuit protected by it, provided that this require- 
ment is not to apply to a motor circuit in accordance 
with M 505 and in the ease of steering gear circuits 
the minimum fusing current is to be not less than 
twice the full load current of the motor. Table XX 
gives approximate fusing currents for wires of copper 
and standard eutectic tin-lead alloy. 


366 Every fuse is to be provided with a suitable 
non-ignitable insulating fuse-carrier of such form as 
to protect a person handling it from shock and burns, 
except where suitable insulated detachable handles 
are provided or the arrangements are such that, in 
distribution fuse boards, a switch connected on the 
live side of the fuse is fitted adjacent thereto and a 
lid or door is provided to protect the fuse from 
unauthorised access. 


367 Effectual provision is to be made for 
retaining in position all fuses subjected to vibration 
or shock. 


368 Where fuses are not fixed on a switchboard 
they are to be grouped on section boards or distri- 
bution fuse-boards, or are to be contained within cases 
conforming in all respects to the requirements laid 
down in 370 to 378. 


369 Fuses are not to be placed in socket-outlets 
or ceiling roses. 


Section Boards and Distribution Fuse-boards 


370 Section boards and distribution fuse-boards 
are to be constructed in accordance with 304 to 318, 
so far as they are applicable, and the fuses fitted on 
such boards shall conform to 362 to 369. 


371 Every section board and distribution fuse- 
board is to be contained within a protecting case, 
unless of such size that it is contained in a separate 
compartment or space in the ship. Cupboards or 
compartments containing switchboards are to be 
composed of, or lined with, non-ignitable material. 


372 Cases are to be of ample mechanical strength 
and rigidity and metal cases are to be protected 
from corrosion. Ample space for wiring is to be 
provided. 
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373 Cases are to be of metal, except in passenger 
and similar accommodation, or in the vicinity of the 
compasses, where they may be of wood. 


374 Where the ease is of metal the minimum 
distance in air between live metal and the case is to 
be not less than 4-inch, independent of any displace- 
able insulation, whether bushing or barrier, and not 
less than 3-inch when measured over the surface 
of any non-displaceable insulation. The clearance 
between arcing contacts or fuses and unlined cases is 
to be such that operation within the rating of the 
switch, fuse or circuit breaker can be carried out 
satisfactorily. i 


375 All wood eases are to be lined with non- 
ignitable insulating material. The lining is to be clear 
of live parts by not less than 4-inch. 


376 Cases not provided with backs forming an 
integral portion thereof are:to have a non-ignitable 
insulating shield between their contents and the bulk- 
head or any other structure to which they are fixed. 


377. Where glass fronts are provided, the glass is 
to be of the wired type and the fronts are to clear 
all live parts by not less than 4-inch. Where the 
boxes are of metal, such fronts may be regarded as 
insulating shields. 


378 Cases fixed in positions exposed to the 
weather, to drip, or to an excessively moist atmosphere, 
are to be weatherproof and provided with cable glands 
or bushings, or be adapted to receive screwed conduit, 
according to the way in which the cables entering 
these fittings are run. 


Joint and Junction Boxes 


379 Joint and junction boxes are to be con- 
structed wholly of durable, non-inflammable, non- 
absorbent materials, and all insulation is to be of 
permanently high electric strength and insulation 
resistance. The live parts are to be so arranged, by 
suitable spacing or shielding with non-inflammable 
insulating materials, that conductors of opposite 
polarity or different phase cannot readily be short- 
circuited. If used in damp situations, such boxes are 
to be weatherproof. 


380 All metal cases are to be earthed. 
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DISTRIBUTION 


401 Every distribution fuse-board is to be con- 
nected either directly or via a transformer to one of 
the following :— 


The main switchboard or emergency switchboard. 
A separate way on a section board. 


One or more other distribution fuse-boards either 
by looping-in to their busbars or in the form 
of a ring main, Fuse-links or disconnecting 
links may, if desired, be inserted in these con- 
necting circuits. The circuit feeding such an 
arrangement of distribution fuse-boards is to 
be connected to one way of the main switch- 
board, the emergency switchboard or a section 
board. Where a reduction is made in the cross- 
sectional area of a conductor, protection is to 
be provided in compliance with the require- 
ments of M 618. 

Nore (1).—The sequence shown in the following diagram is 
recognised as standard. The number of intermediate boards inter- 
vening between the final sub-circuit and the main switchboard or 


emergency switchboard will depend upon the size and disposition 
of the installation. 


lain switchboard or emergency switchboard 


Current - 
tn 
appliances 


Apphances 
normally 
using more 
than 15 
amperes 


Current - 
usin 


éppliances Current - 


usin 
Goplitnices 


SB = Section board: DFB = Distribution fuse-board 


Nore (2).—Section boards control the supply to other section 
boards, distribution fuse-boards, or devices normally consuming more 
than 15 amperes. Distribution fuse-boards comprise fuses or other 
overload protective devices for supplies only to final sub-circuits 
normally consuming not more than 15 amperes. 


Protection Against Excess Current 


402 Throughout an installation every circuit is, 
except as prohibited under 405, to be protected on 
each insulated pole by a fuse or circuit-breaker. 
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Control of Circuits 


403 Every outgoing circuit from a section board 
or a distribution fuse-board is to be controlled by a 
fuse or other overload protective device on each 
insulated pole, and every two-wire circuit rated at 
more than 100 amperes is, in addition, to be controlled 
as a minimum by a switeh on one insulated pole. 


404 Every three-phase three-wire circuit is to 
be controlled by a triple-pole linked circuit-breaker 
with an over-current release in each insulated pole or, 
alternatively, by a fuse in each insulated pole and 
for every circuit rated in excess of 60 amperes, by a 
triple-pole linked switch. 


405 <A fuse, non-linked switch, or non-linked 
cireuit-breaker, is not to be inserted in that pole of 
the circuit which is either earthed or derives its 
polarity from an earthed conductor, but an isolating 
link securely fixed to its terminals by bolts or screws 
may be fitted for testing purposes. 


Note.—Requirements for the control of outgoing circuits from 
main switchboards and emergency switchboards are contained in 
M 329 to M 332. 


Earth Return 


406 Only ships having metal hulls may be wired 
on the single-conductor system: hence such system 
shall not be used on composite ships. 


Earthing of Neutral 


407 Where the distribution is effected on the 
three-wire direct-current system, or three-wire or 
four-wire three-phase alternating-current system, 
whatever the voltage of supply, the neutral may, if 
desired, be earthed. 


408 Where the voltage exceeds 250 volts across 
the outer conductors of a three-wire direct-current 
system, the middle-wire is to be solidly and perman- 
ently earthed at one point only. 


Earthing Connections 


409 Every earthing lead (other than those 
provided for in 410) is to be of stranded or solid 
phosphor bronze or high-conductivity copper, and is 
to be protected wherever exposed to the likelihood of 
mechanical damage, and also, where necessary, against 
corrosion, particular attention being given in these 
respects to the point of connection to the hull of 
the ship. The nominal cross-sectional area of such 
earthing lead is to be not less than 0-007 square inch 
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for every 50 amperes of working current, provided 
that its sectional area is in no ease less than 0-0045 
square inch and is the same as the sectional area of 
the working conductor for all sizes up to 0-007 square 
inch. Its sectional area need not exceed 0-1 square 
inch. The nominal cross-sectional area of every 
phosphor-bronze earthing lead is to be such as to 
provide a current-carrying capacity not less than that 
which would be required for a copper earthing lead. 


Where connections are made to conduit or pipes 
they are not to be made by means of the screw or 
screws which are used for tightening the clamp to the 
pipe or by means of saddle fixing screws. Provision 
is to be made for attaching the earthing lead to the 
clamp by means of an independent screw or by 
sweating. 

Nore.—Where earthing leads are exposed to the weather it is 
preferred that phosphor bronze be used. 

440 Every conductor used to carry the working 
current of a circuit to the ship’s structure on the 
single-conductor system of distribution is to have a 
cross-sectional area not less than that of the corres- 
ponding conductor of the insulated portion of the 
circuit. 


444 Every connection to the ship’s structure is 
to be in an accessible position, and is to be secured by 
a brass serew of not less than $-inch diameter used for 
this purpose only. Where a cable socket is not used 
(see M 901) the wires are to be formed into a hook and 
placed under a tinned brass washer. In all cases care 
is to be taken to ensure bright metallic surfaces at the 
contact areas immediately before screwing up. 


Two-Wire Circuits above 250 Volts 


442 Where the voltage exceeds 250 volts, the 
conditions detailed in 413 to 416 are to be observed. 


443 Motors only are to be supplied at such 
higher voltages and no portable motor of any size 
nor direct-current motor having a rating less than 
one brake horse-power nor alternating-current motor 
having a rating less than one quarter horse-power 
shall be so supplied. 


444 All exposed metalwork, other than that 
designed to be live, is to be effectually connected to 
earth. 


445 All apparatus is to be so constructed, 
enclosed, and protected, that there shall be no danger 
of shock in the ordinary handling thereof. 
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446 If the primary means of isolation is remote 
from the apparatus supplied, an additional means of 
isolation is to be installed adjacent to the apparatus, 
or, alternatively, provision is to be made for locking 
the primary means of isolation in the off position. 


Nore.—Requirements for generators, motors, and cables, for 
voltages exceeding 250 volts are contained in M 2, M 9 and M 12. 


Three-Wire Circuits above 250 Volts 

447 Where three-wire distribution is employed 
and the voltage across the outer conductors exceeds 
250 volts, the voltage between any two points in one 
space or compartment wheré portable fittings, 
appliances, or accessories are likely to be used is 
not to exceed 250 volts, unless the fittings, appliances, 
or accessories, between which there may be a higher 
voltage, are so situated that they cannot be brought 
within 6 feet of each other. 


Alternative Lighting in Engine Rooms, etc. 

448 In machinery spaces (including boiler 
rooms), shaft tunnels and steering gear compartments, 
and in the corridors and stairways leading to the 
boatdecks of passenger ships, alternate groups of 
lamps are to be supplied from circuits so arranged 
that the melting of any one fuse-element (other than 
a fuse-element on the main switchboard) will not leave 
these spaces in darkness. 


Emergency Supply 

449 Where the Ministry of Transport require 
an emergency supply. to be provided, it is to be 
adequate in amount, and so disposed as to meet all 
requirements concerning safety imposed by the 
Ministry of Transport. Emergency circuits are to be 
connected direct to a change-over switch or switches, 
which are to be fitted on the emergency switchboard 
only, to enable such circuits to be quickly transferred 
from the ordinary source of supply to the source of 
emergency supply. Where an emergency battery is 
installed, an indicator is to be provided and is to be 
arranged to show whether the battery is in service. 
The indicator should preferably be mounted on the 
main switchboard. 


Shore Connections ; 

420 Where provision is required for a supply 
of electrical energy from a source on shore or other 
external source, a suitable connection box or boxes is 
to be fitted in a position convenient for the reception 
of portable cables from the external source, and 
containing terminals of ample size and of such form 
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as to enable the conductors to be effectually clamped 
therein. The terminals are to be connected to the 
main switchboard by suitable cables permanently 
fixed. Where the cables are of 300 amperes capacity 
or less they are to have, at the incoming point on each 
pole, fuses and a linked switch or a cireuit breaker of 
appropriate size. The cables are to be connected to 
the main switchboard through a switch on each pole. 
Where it is intended to supply current from the ship’s 
generator to outside sources, a circuit breaker or a 
switch and fuse is to be fitted on each pole at the 
switchboard. 

Where a busbar voltmeter is not provided, a pilot 
lamp is to be installed to indicate when the shore 
supply is connected. 


424 Where the arrangements referred to in 420 
are made in connection with a three-phase alternating- 
current supply, a phase-sequence indicator is to be 
mounted adjacent to the terminals designed for 
connection to the external source, the indicator being 
so connected that the phase-sequence of the incoming 
supply may be checked, and connections corrected if 
necessary, before any part of the ship’s three-phase 
installation is energised. 


Interference with Magnetic Compasses 


422 Generators, motors, secondary batteries, 
control gear, resistors, electric cables, and other 
apparatus producing an external magnetic field when 
in use, are to be fitted at such distances from the 
compass bowl (having regard to the strength of field 
set up and the facilities for its conduction by 
magnetic materials) as will reduce the magnetie field 
produced by such apparatus to a negligible value 
thereat. 

Nore.—It is recommended that the devices and apparatus referred to in 
this paragraph should, unless known to be safe at a lesser distance, never 
be less than 10 feet distant from any magnetic compass. 

423 <A single-conductor direct-current circuit is 
not, in any instance, to be fitted within 30 feet of 
standard and steering compasses. In order that the 
lead and return currents in such eireuit shall 
neutralise one another in two-conductor systems, 
cables in the vicinity of the compass are preferably 
to be twin; and single-core cables are to be fixed as 
close to one another as possible, and are to be 
equidistant from the compass throughout their length. 
Cables within the compass binnacle are to be as short 
and direct as possible; and where such cables are 
single-core, they are to be twisted together and are 
not to be coiled into spiral loops. 
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424 The current input of incandescent electric 
lamps employed for illumination of the compass card 
is not to exceed 0-6 ampere. Such lamps are to be 
so placed that no live part is less than 7 inches from 
any part of the magnetie system of the compass. 


425 Careful tests are to be made during the 
adjustment of the compasses. The effect of switching 
on and switching off circuits, motors, and other 
electro-magnetic apparatus near the compasses is to 
be noted and careful records kept of any errors 
observed, whether corrected or not. 


Navigation Lights 


426 Each navigation light is to be separately 
wired from a special distribution fuse-board which is 
not to supply any other group. This distribution 
fuse-board is to be placed in a position accessible to 
the officer of the watch. 


427 Each navigation light on a single-conductor 
system or a two-conductor earthed system is to be 
controlled by a fuse and a single-pole switch on the 
insulated pole, and every such light on a two- 
conductor insulated system is to be controlled by a 
fuse on each pole and a double-pole linked switch. 
These switches and fuses are to be fitted on the special 
distribution fuse-board referred to in 426. 


428 ach navigation light is to be provided with 
an automatic indicator to give an aural and/or visual 
signal in the event of extinction of the light. Where 
a visual signal is not employed, the source of supply 
to the aural device is to be a primary or secondary 
battery. Where a visual signal is employed and 
failure of the indicator lamp would result in interrup- 
tion of the supply to the navigation lights, means are 
to be provided for bridging the indicator contacts 
until the faulty lamp is replaced. 


Nore.—This paragraph does not apply to tugs, trawlers, or fishing 
and similar small ships. 


The indicator referred to in this paragraph may, if desired, be 
combined with the special distribution fuse-board specified in 426. 


The efficiencies of navigation lamps are based on a voltage drop 
in series indicating devices up to 3 per cent of the rated voltage of 
the circuit. 


429 In the event of failure of the cireuit 
supplying the navigation lights, it is to be possible 
on the bridge to change them over to an alternative 
circuit. 
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430 The fixed wiring to each navigation light 
is to terminate at a watertight plug and socket or 
preferably at a watertight connection box adjacent to 
the lantern, and the lamp is to be provided with a 
short length of flexible cable, securely anchored to 
the lantern. 


434 On single-wire systems every navigation 
light is to be wired from the distribution fuse-board 
with two insulated conductors, the earth connection 
being made at an earth point in the distribution fuse- 
board. 


432 All switches and fuses between the final 
distribution fuse-board and the main switchboard are 
to be clearly marked to indicate that they control the 
supply to navigation lights. 


Control of Electric Lift Circuit 


433 Circuits which supply current to the motor 
operating an electric lift or hoist are not to be 
included in any twin or multicore trailing cable used 
in connection with the control and safety devices of 
the lift or hoist. They are not to be connected to 
a distribution fuse-board controlling final sub-cireuits 
for lighting unless the maximum current (including 
the starting or accelerating current) of the motor is 
less than 20 per cent of the total rating of the fuse- 
ways on the distribution fuse-board, and unless the 
fuse-way of the motor circuit is clearly labelled. 


434 <A twin or multicore trailing cable. which is 
used in connection with an electrie lift or hoist, and 
which incorporates any conductor of any circuit 
operated at the supply voltage, is not to include any 
conductor of an electrie bell or similar signalling 
circuit which is operated at reduced voltage from the 
supply system, or which is energised from another 
source. 


Steering Gear 


435 Where the steering gear is operated by two 
independent machines both being driven by electric 
or electro-hydraulic power and an approved alterna- 
tive means of steering is not provided they are to be 
supplied by two independent cireuits. Each circuit is 
to be connected direct to the main switchboard. 


The cables for each circuit are to be led by 
independent routes so that, as far as practicable, 
damage to one does not involve the other. 
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Control of Oil Pumps 

436 Where the motive power of oil fuel transfer 
and unit pressure pumps or cargo oil pumps is an 
electric motor, provision is to be made for stopping 
the motor from a position which will always be 
accessible in the event of fire taking place in the com- 
partment in which they are situated as well as in the 
compartment itself. 


Control of Ventilating Fans and Blowers 

437 All power ventilation fans, except fans for 
machinery space and cargo hold ventilation, are to be 
fitted with master controls so that, in the event of 
fire, they may be stopped from either of two 
control stations which are to be situated as far apart 
as practicable. For machinery space ventilation one 
master control, in addition to that provided at the 
main switchboard, is to be provided, operable from a 
position outside the machinery space. 

Provision is also to be made for stopping from 
positions outside the machinery spaces other fans or 
blowers situated within the compartment. 


Control of Automatic Sprinkler Systems 


438 Where the power for sea-water pumps, air 
compressors and automatic alarms is electric there is 
to be no switch in the eireuit other than that at the 
switchboard. The switch is to be clearly labelled. 


Transformers for Power ‘and Lighting 

439 Transformers in accommodation spaces are 
to be arranged for air natural cooling. In machinery 
spaces they may be arranged for air cooling or be oil 
immersed. Wherever situated the transformers are 
to be of drip-proof construction. 


440 Transformers are to comply with the 
requirements of Appendix 10, 


444 The compartments in which transformers 
are placed are to be well ventilated and free from the 
likelihood of an accumulation of inflammable gases. 
The transformers are to be clear of all inflammable 
material, easily accessible, and not exposed to risk of 
mechanical injury or to damage from water, steam or 
oil. Cupboards or compartments containing trans- 
formers are to be composed of, or lined with, non- 
ignitable material. é 


442 (Oil-cooled transformers are to be preferably 
of the conservator type, and be so designed that, 
under all conditions with the ship inclined from the 
normal at any angle up to 15 degrees transversely 
and 10 degrees longitudinally, and with rolling up to 
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223 degrees from the vertical, they are to operate 
without the risk of spilling oil. Means are to be 
provided to permit breathing through a suitable 
dehydrator. 


Drip trays or other suitable provision is to be 
made to deal with loss of oil due to damage or other 
causes. 


An oil gauge marked with normal oil level is to 
be fitted. 


443 All windings of air-cooled transformers are 
to be treated to resist moisture, sea-air and oil-vapour. 


444 The voltage regulation at full-load and 
unity power factor of transformers used to supply 
lighting circuits is not to exceed 24 per cent for 
transformers rated at 5 kVA per phase and over or 
5 per cent for transformers rated at less than 5 kVA 
per phase. 


It is preferred that adjusting tappings should 
not be provided. 


445 <A rating plate is to be fixed to each trans- 
former giving details of rating. 


446 Where essential services are supplied two or 
more transformers are to be provided, together with 
appropriate switchgear so that in the event of one 
transformer being out of commission the remaining 
unit or units are capable of supplying the essential 
services. 


Section 5 
FINAL SUB-CIRCUITS 
Arrangement 


501 Every fina] sub-circuit is to be connected 
to a separate way on a distribution fuse-board or 
section board, or to the main switchboard or emergency 
switchboard. 


502 A final sub-circuit having a rated capacity 
not exceeding 15 amperes may supply any number of 
points up to ten. A final sub-circuit having a rated 
capacity exceeding 15 amperes is not to supply more 
than one point. 


503 In cornice lighting, panel lighting, and 
electrie signs, where lampholders are grouped in close 
proximity to each other and are connected to the 
cireuit without flexible cords, each lampholder is not, 
for the purposes of 502, to be deemed to be one point. 
In these circumstances more than ten lampholders 
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may, if desired, be connected to a final. sub-circuit, 
provided that the maximum working current in such 
sub-circuit does not exceed 10 amperes. 

Nore.—Where a circuit for a pilot lamp in connection with a 
current-using appliance is connected through a local fuse or fuses 


to the final sub-circuit supplying the appliance, such pilot-lamp is 
not, for the purposes of these Rules, deemed to be a final sub-circuit. 


Protection against Excess Current 


504 Every final sub-circuit is, except as 
prohibited under M 405, to be protected on each 
insulated pole by a fuse or cireuit-breaker with over- 
current release in each insulated pole. 


505 Where the starting or accelerating current 
of a motor considerably exceeds the rated full-load 
current, overcurrent protection is to be provided for 
the motor circuit, but such protection is to be so 
designed as to allow an excess current to pass during 
the normal accelerating period of the motor con- 
cerned. 


506 A fuse smaller than one rated for a normal 
working current of 3 amperes need not be inserted in 
any final sub-circuit. 


507 In every installation the lighting circuits 
are to be supplied by final sub-circuits separate from 
those for heating and for power requirements. This 
requirement does not preclude the supply of cabin 
fans from lighting circuits. 


508 All lighting circuits in cargo spaces are to 
be controlled by a double-pole linked switch located 
outside such spaces. Provision is to be made for the 
complete isolation and for the locking in the off 
position of the control of every such circuit. 


Section 6 
CONDUCTORS 
Standard Sizes 


601 The sizes of conductors shown in Tables I, 
TII, and VII, are recognised as standard for ship 
installations. 


Material 


602 All conductors of cables are to be of 
annealed copper. 


603 Where the insulating covering of the 
conductor of a cable is composed of vuleanised rubber, 
each wire is to be effectually and uniformly coated 
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with tin free from all impurities, and the tinned 
conductor of the finished cable is to be capable of 
withstanding the tinning test set out in Appendix 7. 


604 Where the insulating covering of the 
conductor of a cable is cambrie impregnated otherwise 
than with a bituminous-base compound, an effective 
separating tape is to be inserted between the cambric 
and the lead-alloy sheathing, and, where the conductor 
is not tinned in compliance with 603, also between 
the ecambrie and conductor. 


605 All busbars, busbar connections, and bare 
conductors are to comply with the requirements 
of the appropriate paragraphs in Appendix 7. 
Aluminium is not to be used. 


Minimum Size of Conductor 


606 The smallest conductor for fixed wiring is 
to have a nominal cross-sectional area of not less than 
0-0015 square inch, except as permitted by M 719 for 
communication circuits. 


Maximum Size of Single Wire 

607 All conductors of cables having a nominal 
cross-sectional area exceeding 0-003 square inch 
(1/064 in.), except the conductors of mineral- 
insulated copper-sheathed cables, are to be stranded. 


Current Carrying Capacity of Cables 

608 Every conductor of a cable (other than a 
flexible cord or fiexible cable, for which see M 8) is to 
be capable of carrying, without the respective ratings 
set out in Tables I to V(a) inclusive and Table 
XXVIII being exceeded, the maximum current which 
will normally flow through it, subject to the provisions 
of 609 to 613. 


609 For final sub-circuits a diversity factor is 
not to be applied. 


610 For cireuits other than final sub-circuits a 
diversity factor may be applied, provided that the 
known or anticipated conditions are suitable for the 
application of diversity. 

Norr.—It is impossible to specify in these Rules the value of the 
diversity factor for every type of installation. For the application 
of diversity to circuits supplying cargo-winches, cranes, windlasses, 
and capstans, see 615. 

644 For an electric motor, the maximum current 
is to be deemed to be the full-load rated current of the 
motor, and, unless the actual current be known, is to 
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be taken to correspond to the values given in Table 
XXI for the types referred to therein. For motor 
outputs between those shown in the Table, the full- 
load current is to be taken to be directly proportional 
to the output and is to be calculated from the next 
lower output given in the Table. 


612 Where the load on a cable is intermittent, 
the cable is permitted to carry a larger current 
(subject to voltage drop) than if continuously loaded. 
Table VI gives the maximum permissible currents for 
half-hour and one-hour ratings. In no case is a 
shorter rating than one half-hour to be taken whatever 
may be the degree of intermittency. 


613 In assessing the current rating of lighting 
points for the purpose of determining sizes of 
conductors, every lampholder is to be deemed to 
require a current equivalent to the maximum load 
which is likely to be connected to it, which is, except 
for the circuits described in M 503, to be assumed to 
be at least 60 watts, provided that where the lighting 
fitting is so constructed as to take only a lamp 
smaller than 60 watts the conductors may be assessed 
accordingly. : 


Circuits for Cargo-Winches, Windlasses, etc. 


614 Cables for the motors of eargo-winches, 
cranes, windlasses, and capstans, are to be suitably 
rated for the duty intended, and, unless the duty is 
such as to require a longer rating, cables for winch 
motors may, if desired, be half-hour rated (subject to 
voltage drop). based on the brake-horse-power ratings 
of the motors. Cables for windlass motors and 
capstan motors are to be not less than one-hour rated 
(subject to voltage drop) based on the brake-horse- 
power ratings of the motors. 


615 <A diversity factor may, if desired, be 
applied in calculating the cross-sectional areas of 
cables supplying groups of cargo-winch motors or 
erane motors, subject to such factor being based on the 
proposed duty of the motors and on currents as 
required by Table XXII. Such cables are to be 
eapable of carrying continuously (subject to voltage 
drop) the current caleulated by applying the diversity 
factor to the total connected load of winch motors 
and crane motors. Where the eables feeding winch 
motors and/or crane motors supply, in addition, other 
equipment, the current upon which the size of the 
cable is based is to be computed with due regard to 
the coincidence of the various loads. 
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Equaliser Connections 


616 Every equaliser connection for use with 
flat-compounded generators is to have a cross-sectional 
area of at least 50 per cent of the cross-sectional area 
of the positive and negative connections to the 
generator. 


Nore.—To assist proportionate sharing of the load by parallel 
connected generators, it is recommended that where the lengths of 
the connections or the rated sizes of the generators are different 
the cross-sectional areas of the connections should be so graded as 
to ensure that the voltage drop in all of them is equal at full load. 


Voltage Drop 


617 The size of conductors is to be so selected 
that the fall of voltage between the main switchboard 
busbars and any and every point on the installation, 
when the conductors are carrying the maximum 
current under the normal conditions of service, does 
not exceed 6 per cent of the voltage at the busbars for 
power, heating and lighting circuits, and 1 volt plus 
1 per cent of the voltage at the busbars for radio 
apparatus mains when carrying the main and battery 
charging loads simultaneously. 


Nort.—Where an independent charging circuit is provided for 
the radio battery, the last words of this paragraph apply only to 
the radio apparatus mains. 


Relative Sizes of Conductor and Fuse-Link 


648 In each circuit, other than a motor circuit 
protected in accordance with M 505, every cable is to 
have a current rating not less than that of the fuse- 
element (or the adjustment of the circuit-breaker) 
protecting the circuit. Where a reduction in cross- 
section is made to a conductor, e.g., at an extension or 
branch thereof, the smaller conductor is to be pro- 
tected locally by a cireuit-breaker or fuse-element of 
the appropriate rating (see M 351, M 365 and Tables I 
to VII) except where the adjustment of the cireuit- 
breaker or the rating of the fuse-element protecting 
the larger conductor does not exceed the rating of the 
smaller conductor. 


Section 7 


INSULATION AND PROTECTIVE COVERING 
OF CABLES 
Types of Cables 


704 Cables may be single-core, twin or multicore. 
Only the types specified in 702 to 706 may be used. 


702 Vuleanised - rubber -insulated cables and 
cables having fire-resisting insulation consisting of 
an inner layer of vuleanised natural rubber and two 
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layers of polychloroprene (e.g., Neoprene) compound 
(R.N.N. type), either :-— 

taped, braided and compounded; or 

taped and lead-alloy-sheathed (with, if desired, 
braiding over the lead); or 

taped, lead-alloy-sheathed and armoured (with, 
if desired, braiding over the armour); or 

polychloroprene-compound-sheathed (H.R. type); 
proofed cotton taped, braided and compounded with 
fire-resisting compound; or 

tough-rubber-sheathed in sizes up to and including 
7/-036 in. (0-007 square inch). 


703 Impregnated - paper - insulated cables and 
varnished-cambric-insulated cables, either :— 

lead-alloy-sheathed (with, if desired, braiding 
over the lead); or 

lead - alloy-sheathed and armoured (with, if 
desired, braiding over the armour). 


704 Varnished - eambrie - insulated, polychloro- 
prene-compound-sheathed, taped, braided, and _fire- 
resisting compounded cables. 


705 Mineral-insulated copper-sheathed cables. 


706 Where it is desired to use types of cables 
insulated otherwise than specified in 702 to 705 sample 
lengths are first to be submitted for approval, each 
sample being accompanied by a report from a 
recognised testing authority regarding the behaviour, 
properties, and life, of the insulating materials 
employed. 


707 Twin-core and three-core cables are to be 
cireular, i.e., flat-sided cables are not to be used. 


Vulcanised-Rubber-Insulated Cables 


708 Vuleanised-rubber-insulated cables are to 
be insulated with two or more layers of vulcanised 
rubber (except where the insulation is applied by the 
extrusion process, in which case it may be applied in 
one layer). Fire-resisting cables are to be insulated 
with one layer of vuleanised rubber and two layers of 
polychloroprene compound (R.N.N. type). Except in 
single-core polychloroprene-compound-sheathed cables 
(H.R. type) and all tough rubber-sheathed cables, the 
insulated cores, unless the insulant is applied by 
extrusion and vuleanised by the continuous vulcanisa- 
tion method, are to be covered with a helical binding 
of a high-quality cotton tape proofed on one side with 
rubber and applied, before vulcanisation, with a suit- 
able overlap. The whole is to be vuleanised together 
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and is to form a compact homogeneous body; it is not 
to be possible to separate the layers of rubber, but the 
tape is to be removable without tearing the rubber. 
The thickness of the insulation at any point is not to 
fall below the value stated in the appropriate Table 
VIII or IX by more than 5 per cent plus 0-005 in. 
The thickness of the insulation arrived at by taking 
the average of a number of measurements is to be not 
less than the value stated in the appropriate Table. 
The insulation is to comply with the requirements 
of Appendix IT. 
Norze.—R.N.N. types are not supplied with tough rubber sheaths 
709 Braided cables are to have a fibrous braiding, 
thoroughly impregnated with a preservative compound 
of such a nature as not to have any deleterious action 
on the rubber or armouring as the case may be. The 
finish of the braiding is to be smooth and uniform. 


710 The interstices between the cores of twin 
and multicore rubber-insulated cables are to be filled 
with textile material or rubber and a rubber-proofed 
cotton tape is to be applied with a definite overlap 
over the laid-up and filled cores. 


744 Tough-rubber-sheathed cables are to have 
the rubber-insulated core or cores surrounded by a 
continuous close-fitting sheath. For twin and multi- 
core cables the internal surface of the sheath is to fit 
the cores so as to fill the interstices. The sheath is to 
be capable of offering a high degree of resistance to 
mechanical damage. The thicknesses of insulation 
and sheathing are to be in accordance with the 
appropriate Table X or XI. The tolerances on the 
thickness of insulation are to be as in 708 and the 
thickness of the sheath at any point is not to fall 
below the value stated in the appropriate Table by 
more than 5 per cent plus 0-01 in. The thickness of 
the insulation arrived at by taking the average of a 
number of measurements is to be not less than the 
value stated in the appropriate Table. 


Impregnated-Paper-Insulated Cables 


712 Impregnated-paper-insulated cables are to 
be insulated with layers of paper impregnated with a 
chemically neutral insulating compound. The paper 
is to be manufactured from chemical wood-pulp fibre 
and is to be uniform in texture, strong, long fibred, 
free from imperfectly pulped materials, metallic 
particles or deleterious substances. It is not to 
contain mechanical wood, straw, esparto, or any other 
low-grade fibrous materials. The thickness of the 
insulation is to be in accordance with the appropriate 
Table XIII or XV. 
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Exposed or Cleated Wiring 


926 Lead-alloy-sheathed cables, whether armoured 
or not, cables of the H.R. type, varnished-cambric- 
insulated polychloroprene-compound-sheathed cables 
and mineral-insulated copper-sheathed cables may, 
except as required by 914, be used without the further 
protection of casing, duct, or conduit, provided that 
they are secured by metal clips having smooth or 
rounded edges. All clips are to be firmly secured by 
screws of ample strength and are to be spaced in 
accordance with Tables XVIII and XIX. The clips 
are to be formed of non-rusting material or have a 
non-rusting finish. 


927 Cables of all classes having a nominal 
cross-sectional area of 0-1 square inch and above may, 
if desired, be supported on cleats, which are to be 
spaced in accordance with Table XVIII and con- 
structed of porcelain, hardwood, or other non-metallic, 
non-hygrosecopie insulating material. The insulators 
are to have smooth or rounded edges that will not 
indent or damage the cable. In damp situations the 
supports and fixings of the insulators are to be of 
non-rusting material. 

Norz.—Attention is drawn to the possibility of corrosion of the 


lead-alloy sheathings of cables as a result of contact, in the presence 
of moisture, with oak and other woods. 


Cables in Conduit 


928 Any type of cable (other than the high- 
voltage cables specified in M 17 for luminous- 
discharge-tube installations) which complies with 
M 701 to M 706, may be enclosed in conduits, subject 
to the provisions of 929 to 937. 


929 The conduits and conduit fittings are to 
comply with the requirements of 946 to 948. 


930 Ventilating outlets suitably placed are to 
be provided, preferably at the highest and lowest 
points of the circuits, to allow circulation of air and 
to‘ ensure that water cannot lodge in any part of 
the conduits. 


931 The radius of any circuit is to be such as 
to permit of compliance with the requirements of 910 
and 911 for the bending of eables. In any event the 
inner radius of the bend is not to be less than 23 
times the outside diameter of the conduit; and elbows 
or tees, other than those of the inspection type, are 
not to be used except at the end of conduits imme- 
diately behind accessories or lighting fittings. 
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932 The ends of, and the outlets from, all 
conduits are to be bushed or so finished as to 
prevent abrasion of the coverings of cables emerging 
therefrom. 


933 The saddles and fixings used for securing 
the conduits are to be of non-rusting material or have 
a non-rusting finish. 


934 The conduits are to be earthed and are to 
be mechanically and electrically continuous across all 
joints. 


935 Communication cables are not to be fitted 
in the same conduit as cables supplying lighting and 
power, unless the latter cables and/or the communi- 
cation cables are either :— 


lead-alloy-sheathed; or 

polychloroprene-compound-sheathed of the H.R. 
type; or 

varnished - cambric - insulated polychloroprene - 
compound - sheathed. 


936 The number of cables in one conduit is to be 
such that they can be easily drawn in and, in any 
event, such that the sum of the overall cross-sectional 
areas of the cables does not exceed for the respective 
types the following percentages of the internal cross- 
sectional area of the conduit :— 

Braided eables ... 50 per cent. 

Plain lead-alloy-sheathed cables 40 per cent. 

Lead - alloy - sheathed cables 

armoured, with or without 
braiding over the armour ... 30 per cent. 
In every run of conduit facilities are to be provided 
as may be necessary to obviate the drawing of cables 
around more than one bend of 90 degrees or two 
diversions of 45 degrees in the run of the conduit. 


937 Armoured cables and cables having fine 
wire braiding are not to be drawn into the same 
conduit as cables not similarly protected. 


Cables in Wood Casing 

938 Any type of eable which complies with 
M701 to M706 may be enclosed in wood easing, 
subject to the provisions of 939 to 945. 


939 The casing is to be used only in dry 
situations and is not to be exposed to drip due to 
condensation or other cause. 
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940 The casing and capping are to be secured by 
serews, which for the capping are to be of brass and 
fixed on the outer edges only, and nails are not to 
be driven into the grooves of the casing for holding 
the cables or for any other purpose. 


944 Where the casing forms part of ornamental 
woodwork, the cables are to be readily accessible. 


942 Direct-current and alternating - current 
power, heating, and lighting cables of opposite poles 
are not to be bunched in the same groove. 


943 Precautions are to be taken to ensure that, 
where cables from different grooves cross one another, 
they are separated by insulating material. 


944 Communication cables connected to systems 
having a voltage not exceeding 55 volts are not to be 
fitted in the same groove as cables connected to a 
system having a higher voltage. 


945 Armoured cables and cables having fine 
wire braiding are not to be fitted in the same groove 
as cables not similarly protected. 


Conduits : 

946 Conduits, if of steel, and conduit fittings 
for use therewith, are, with the exception of inspection 
and draw boxes, to be of heavy gauge and welded or 
solid drawn. ‘ 


947 Conduits, if of copper, and clips and 
saddles for use therewith, may be used, subject to the 
requirements of 914, provided full particulars are 
submitted and found satisfactory. 


Inspection and Draw Boxes 

948 Inspection and draw boxes are to be of 
metal and shall be in rigid electrical and mechanical 
connection with the conduits. For steel conduits this 
connection is to be obtained by screwing into the box 
or into a device clamping both sides of the wall of the 
box. For eopper conduits this connection is to be 
' obtained by brazing or soldering a suitable ferrule 
to the conduit, the ferrule being secured to the box 
by serewing or by clamping to the wall of the box. 


Joints During Erection : 
949 Connections between large vuleanised- 
rubber-insulated cables are to be made by means of 
clamped sleeves or tees in joint boxes constructed in 
accordance with M379; and those between small 
cables and between small cables and flexible cables 
by means of clamped connections contained within 
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suitable receptacles, which in the case of lamp fittings 
may, if desired, form part of such fittings. Joints 
in flexible cords are not permissible. 


950 Connections between impregnated - paper - 
insulated cables or between varnished-cambric-insu- 
lated cables may, if desired, be made by the same 
means as for vuleanised-rubber-insulated cables, 
provided the insulation at their ends is suitably sealed 
against moisture; or the conductors may be joined by 
means of copper sleeves, the whole being sweated 
together. Joints made in this manner are to be lapped 
with paper or pure cotton tape, impregnated imme- 
diately before use, and are to be enclosed in boxes or 
preferably in lead sleeves or tees wiped on to the 
cable sheaths, these receptacles being filled with an 
insulating compound impervious to moisture. Lead 
sleeves and tees are to be painted with two coats of 
tough elastic enamel on completion of the joint. 


Watertight Glands and Deck Tubes 

954 All cables passing through decks or water- 
tight bulkheads are to be provided with deck tubes 
or watertight glands. 


Cables Passing Through Bulkheads, Decks, etc. 

952 Unarmoured cables passing through beams, 
non-watertight bulkheads, decks, ete., are to have the 
holes through which they pass bushed with lead or 
other soft non-ferrous metal, or suitable insulating 
material. 


953 In passenger ships trunks for electric cables 
are to be so constructed as not to afford passage for 
fire from one between deck or compartment to another. 


Circuits of Voltages Exceeding 250 Volts 

954 Where a voltage exceeding 250 volts to 
earth exists or may exist under fault conditions the 
wiring is to be completely enclosed in strong metal 
casing or heavy-gauge screwed conduit, or lead-alloy 
sheathing which is electrically continuous, or, alterna- 
tively, the cables and other conductors are to be so 
constructed, installed, and protected, as to prevent 
danger so far as is reasonably practicable. 


Cables in Lift Shafts 

955 In lift shafts and hoist shafts all cables, 
other than trailing cables, are to be armoured or 
enclosed in steel or other hard-metal conduits. If 
conduits are used the control leads and motor leads 
are to be in separate conduits. 
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In shafts subject to severe condensation, such 
as engine room lift shafts, the cables (other than 
trailing cables) are preferably to be of the lead-alloy- 
sheathed or the H.R. type, run on the surface of 
the shaft in such a position as to be clear of wire 
ropes, trailing cables, ete. Sheet-iron protection 
covers are to be fitted over cables where liable to 
sustain damage. 


Cables over Expansion Joints 


956 Cables are not to be led across expansion 
joints in the strueture unless this is unavoidable. 
Where cables must cross an expansion joint they 
shall be arranged with a loop suitably supported 
having a diameter not less than 12 times that of the 
largest cable, to ensure the necessary flexibility. 


Mineral-Insulated Copper-Sheathed Cables 

957 Mineral - insulated copper - sheathed cables 
may, except as required by 914, be used without 
further protection of easing, duct or conduit provided 
they are secured by metal clips having smooth or 
rounded edges. All clips are to be firmly secured by 
screws of ample strength and shall, where they are 
clipped direct to steel or wood grounds, be spaced in 
accordance with Table XIX. Where cables are spaced 
away from the bulkhead the spacing of the clips is 
to be in accordance with that specified for armoured 
eables in Table XVIII. 


958 The ends of mineral-insulated copper - 
sheathed cables are to be so sealed as to prevent the 
ingress of moisture, and all moisture is to be expelled 
from the dielectric before the sealing material is 
applied. The sealing material, and any material used 
to insulate the conductors where they emerge from the 
dielectric, is to have adequate insulating and moisture- 
proofing properties and be such as to retain these 
properties throughout the range of temperatures to 
which the eable-end is to be subjected during normal 
service. 


Cables for Alternating-Current 

959 Where single-core cables are used for 
alternating - current circuits rated in excess of 
5 amperes :— 

The armouring, if any, is to be of non-magnetic 
material. 

Magnetic material is not to be used between such 
cables. 

Such cables are to be so arranged that the 
inductive effects of the group are substantially 
eliminated. 
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960 All single-core metal sheathed cables are to 
have their sheaths bonded together and earthed either 
at approximately the mid-point of the cable run or at 
both ends. In the former case such cables are to be 
carried on insulators to prevent the circulation of 
currents in the metal sheaths. 

The metallic sheaths of multicore cables rated in 
excess of 10 amperes are to be earthed at each end and 
long runs are also to be earthed intermediately. 


961 Magnetic material is not to be used between 
single core cables of a group. Where cables pass 
through steel bulkheads or steel panels, all the 
conductors of the same set are to pass through a non- 
ferrous plate or gland so that no magnetic material 
passes between the cables, and the clearance between 
the cables and magnetic material is to be not less 
than three inches. 


Note.—This paragraph does not apply to cables carrying 10 
amperes or less. 


Section 10 
ACCESSORIES AND LIGHTING FITTINGS 


General 

4001 Accessories and lighting fittings are to be 
so designed and constructed that the passages for the 
insulated conductors are of ample size and are free 
from rough projections, sharp angles, and abrupt 
bends. All outlets for cables shall have well-rounded 
edges or be bushed. 


41002 Accessories and lighting fittings are to be 
so designed, and the insulated conductors so installed, 
that stress cannot be applied by the conductors to any 
terminal to which the conductors may be connected. 


41003 Accessories and lighting fittings are to be 
so designed and fixed that dust and moisture cannot 
readily accumulate on the insulation or live parts. 


4004 On weather decks, and wherever exposed 
to spray or drip accessories are to be of the weather- 
proof type. 


4005 Watertight accessories are to be so con- 
structed as to withstand, without the entry of water, 
immersion under a 3-feet head of water for a period 
of 15 minutes before fixing. After erection they are 
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to be capable of withstanding, without the entry of 
water, the application of a stream of water ejected 
without restriction from an ordinary wash-deck hose 
under a head of 15 feet of water for a period of a 
quarter of a minute, the outlet of the hose being 6 feet 
away from the accessory or lighting fitting. 


41006 The lanterns of navigation lights are to be 
of non-ferrous construction and to be weatherproof. 

Hygroseopie insulating material is not to be used 
in such lanterns. 


1007 Open-type lighting fittings, whether fixed 
or portable, are not to be used near readily com- 
bustible materials, or in spaces where inflammable or 
explosive dust or gases are likely to be present or 
where inflammable goods are stored. 


4008 In spaces where explosive or inflammable 
dust or gases are likely to be present, accessories and 
lighting fittings are to be of the flame-proof type. 


1009 Open-type lighting fittings are not to be 
furnished with combustible shades unless such shades 
are kept free from contact with the lamps by suitable 
guards or supports. Shades and candle tubes com- 
posed wholly or partly of nitrated celluloid are not to 
be used in any situation near a lamp. 


1010 Switches and other accessories likely to 
cause an are when they are operated are not to be 
installed in bunkers or other spaces in which inflam- 
mable or explosive dust, vapour, or gas, is likely to 
be present, irrespective of whether such switches or 
other accessories control lights in such spaces. 


1014 The exposed non-conducting metal parts 
are to be earthed in accordance with the requirements 
of 1030 and 1081. 


Lighting Fittings 

1012 Weatherproof lighting fittings are to have 
metal frames, and are to be so designed that the lamp 
_ is completely enclosed within a readily removable 
glass receptacle. 


1043 Portable lighting fittings for the illumina- 
tion of decks, holds, engine rooms, and similar spaces, 
are to be of the open type with frames of metal or 
other suitable material, or, alternatively, they are to 
be of the weatherproof type. Suitable guards are to 
be provided to protect the lamp or lamps from 
mechanical damage. Switches are not to be fixed 
on portable lighting fittings. 
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Nore.—Where alternating-current portable appliances are to be 
used in machinery spaces, it is recommended that arrangements 
be made for these to be supplied from a double-wound trans- 
former so designed and connected that the maximum voltage to 
earth on the appliance and its associated flexible cord or cable 
does not exceed 25 volts, the appliances being suitably designed to 
operate at the reduced voltage. 


1014 Ina portable lighting fitting a metal lamp- 
holder which is not in direct metallic contact with the 
frame of the fitting is to be separated from all metal- 
work of the fitting by insulating material, of adequate 
mechanical strength, which will not soften at 302° F. 
(150° C.), and is to be so shielded by means of similar 
insulating material that it cannot inadvertently be 
touched by a person handling the fitting or replacing 
a lamp. For this purpose a glass bowl of a portable 
fitting is not to be regarded as an insulating shield 
for the lampholder. 


4015 Every portable lighting fitting is to be 
provided with a hook or other suitable attachment to 
enable it to be hung up without damage to the flexible 
cord. 


1016 Flexible cords for portable fittings are to 
conform to the requirements of M8. The protective 
covering, of whatever type employed, is to pass into 
the fitting or plug and be securely anchored thereto. 


1017 Lighting fittings are to be so designed as to 
provide for adequate dissipation of heat from the 
lamps, and the insulated wires connected to the 
fittings are to be suitably protected from the effects 
of high temperature. 


The design is to be such that the temperature 
of those parts of the fitting which can be readily 
handled and of the terminals to which insulated cables 
in which the insulation is not of a heat-resisting type 
are to be connected does not exceed 170° F. (77° C.) 
under normal working conditions. 


Lampholders 


4018 Lampholders are, except as otherwise per- 
mitted in 1019, to be of the following standard 
types* :— 


For lamps up to 


and including 
100 watts ‘ o bts 


Standard bayonet 


22) 
or Medium Edison 
serew (E.27) 
For lamps above 100 watts and 
not exceeding 200 watts Medium Edison screw 


(E.27) 
joliath Edison serew 


For lamps above 200 watts 
(E.40) 


ELECTRICAL 


1019 Small (E.14, B.15s, B.15d)* and miniature 
(E.10)* lampholders are not to be used on any system 
operating at more than 24 volts. 


1020 Lampholders are to be constructed wholly 
of non-ignitable material, and all metal parts are to 
be of robust proportions. Goliath lampholders are to 
be provided with effective means for locking the lamp 
in the holder. 


* The designations adopted by the International Electrotechnical 
Commission for lampholders and lamp-caps are as follows :— 
| NAME OF CAP DESIGNATION 
Serew Caps :— 
Goliath i E.40 
Medium ... E.27 
Small = E.14 
Miniature... E.10 
Bayonet :— 
Normal oer B.22 
Small single contact ... B.15s 
Small double contact... B.15d 


Switches 


1021 Switches are to be constructed wholly of 
durable self-extinguishing, non-hygroscopie materials, 


Ceiling Roses 


4022 Ceiling roses are to be eonstrueted of non- 
ignitable, non-conducting, non-hygroscopie material. 


Socket-Outlets and Plugs 


1023 The live parts of socket-outlets and plugs 
are to be so proportioned that their average tempera- 
ture does not exceed by more than 54° F. (80° C.) 
that of the surrounding air when the normal working 
current is flowing through them continuously. 


1024 Socket-outlets and plugs are to be so con- 
structed that they cannot be readily short-circuited 
whether the plug is in or out, and so that a pin of the 
plug cannot be made to earth either pole of the 
socket. 


1025 The clearances of socket-outlets and plugs 
not interlocked with switches are to be such that an 
are cannot be maintained if the plug be withdrawn 
from the socket while a current 50 per cent greater 
than that for which they are rated is flowing under a 
voltage 50 per cent in excess of the voltage of supply. 


1026 All socket-outlets having a current rating 
of 15 amperes or more are to be provided with a 
switch. 
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41027 On weatherdecks, in stokeholds and engine 
rooms, and wherever exposed to drip or spray, socket- 
outlets and plugs are to be of the weatherproof type. 


4028 Weatherproof socket-outlets and plugs are 
to be of specially robust construction and be provided 
with efficient means to maintain the socket-outlet 
weatherproof when the plug is removed therefrom. 
Where a loose cover is employed for this purpose, it is 
to be anchored to a socket-outlet by means of a chain. 
When the plug is inserted in its socket-outlet the 
eombined fitting and interlocking switch, if any, is 
also to be weatherproof. 


4029 All live parts the voltage of which exceeds 
150 volts alternating-eurrent to earth or 250 volts 
direct-current to earth are to be suitably enclosed. 


Earthing of Lighting Fittings 

4030 The exposed metal parts of all lighting 
fittings other than portable lighting fittings are to be 
earthed. The earthing may be effected by the securing 
serews where such fittings are secured direct to the 
steel structure of the ship or to metal plates in 
effective metallic contact with such structures. Where 
fittings having exposed metal parts are secured to 
wood or other non-metallic materials, the earthing is 
to be effected by a conductor of adequate cross- 
sectional area and mechanical strength in permanent 
and substantial connection with the exposed metal 
parts and the ship’s structure. 


1031 Every portable lighting fitting with ex- 
posed metal parts which might otherwise become alive 
is to have such parts earthed through an earth- 
continuity conductor which is to be in effective 
electrical connection with the exposed metal parts 
and with the earthing pin of the plug connection. 


Nore.—It is recognised that it is difficult to ensure that earth 
connections remain effective, and it is therefore recommended that, 
wherever practicable, fittings which are not to be permanently 
secured to the steel structure of the ship (e.g., portable fittings 
and fittings secured to wooden structures) should be of the all- 
insulated type. 


Section 11 
LAMPS 
Arc Lamps other than Searchlight Lamps 
4104 Are lamps are to have the whole of their 
live parts insulated from the frame or case. 


4402 Every are lamp is to be provided with a 
globe or lantern arranged to intercept falling particles 
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of carbon, and with wire netting of not greater than 
3-inch mesh so arranged as to prevent large pieces of 
broken glass falling therefrom. 


4403 Are lamps are to be so supported that they 
cannot swing into contact with any metallic object. 


4104 very are lamp circuit is to be controlled 
by a fuse and switch on each insulated pole. Where 
more than one pole is insulated the switches are to 
be linked. 


4405 Are lamps are not to be installed or used 
in positions where inflammable goods are stored, or 
where inflammable or explosive dust, vapour, or gas, 
is likely to be present under normal conditions. 


Searchlight Lamps 
4406 Searchlight lamps are to have the whole 
of their live parts insulated from the frame or case. 


4107 All parts of a searchlight lamp which have 
to be handled for its operation or adjustment while in 
use are to be insulated from the cireuit with strong, 
non-ignitable material, of substantial proportions, and 
be so disposed that there is no risk of shock to the 
operator. 


4108 Where a circuit supplies a searchlight of 
are lamp type it is to be controlled by a fuse and 
switch on each insulated pole. Where more than one 
pole is insulated the switches are to be linked. If a 
series resistance is used with the searchlight lamp, 
the controlling switch is to be in the supply leads to 
the resistance and not between the resistance and the 
searchlight lamp. 


4109 The frame of every searchlight connected 
to a supply system having a voltage of 50 volts or 
above is to be provided with a suitable terminal to 
which the earth continuity conduetor is to be con- 
nected. 


Lamps for Navigation Lights 

4440 All lamps for navigation lights are to be 
of the Ministry of Transport standard pattern and 
are to have a rating of not less than 40 watts. 


Electric Discharge Lamps 

4444 Where electric discharge lamps or luminous 
discharge tubes are used, lighting by one or more 
incandescent filament lamps is to be provided as 
necessary to ensure safety in the event of the 
extinetion of the discharge lamps. 


M 1103 - M 1202 


362 


LLOYD’S REGISTER OF SHIPPING 


4442 Electric discharge lamps are to be so 
arranged as to operate satisfactorily with the ship 
inclined from the normal at any angle up to 15 degrees 
transversely and 10 degrees longitudinally, and with 
rolling up to 224 degrees from the vertical. 


Tubular Fluorescent Lamps 


4443 Where tubular fluorescent lamps desig- 
nated MCF/U with preheated cathodes are used, 
the requirements detailed in 1114 to 1117 are to be 
observed. 


4114 All fittings, chokes, capacitors and other 
auxiliaries are to be of a type suitable for marine 
service. For all ocean-going ships and ships operating 
in tropical waters the fittings, chokes, capacitors, ete., 
are to be capable of operating under tropical con- 
ditions. They are not to be mounted on surfaces 
which are liable to be subjected to high temperatures. 


4415 Every capacitor having a rated capacitance 
of 0-5 microfarad or over is to be provided with 
a means for its prompt discharge (e.g., a permanently 
connected parallel resistance) on disconnection of the 
supply. 


4416 Linked switches arranged to disconnect all 
poles of the supply are to be used for all distribution 
and control switches feeding such lamp circuits. 


4147 In ships where the distribution system is 
mainly direct-current the section boards and distri- 
bution fuse-boards for alternating-current supplies 
feeding such lamp circuits are to be clearly and 
permanently marked :— 


WARNING 
aie VOLTS A.C. 


Section 12 
ELECTRIC MOTORS 
Rating of Motors 
4201 Motors are to conform to Appendix 3. 


4202 The temperature rises of motors (except 
pipe-ventilated or water-cooled machines and motors 
for machine tools) situated in machinery spaces (in- 
cluding boiler rooms), steering gear compartments and 
refrigerated cargo spaces and on weather decks of all 
ocean-going ships and ships operating in tropical 
waters, when measured in accordance with Appendix 
3, are not to exceed the limits shown in Table XXIV. 


ELECTRICAL EQUIPMENT 


For machine tool motors and for motors in such 
ships located elsewhere than in the machinery spaces 
(ineluding boiler rooms), steering gear compartments 
and refrigerated cargo spaces and on weather decks 
where the normal temperature of the cooling air will 
not exceed 104° F, (40° C.) the temperature rises are 
not to exceed those shown in Table XXV. 


For pipe-ventilated motors taking cooling air 
from outside the machinery space or boiler room where 
the normal temperature of the cooling air under 
service conditions will not exceed 104° F. (40° C.) the 
temperature rises are not to exceed the limits shown 
in Table XXYV. 


For water-cooled motors with coolers using water 
with an inlet temperature not exceeding 85° F. 
(29-5° C.), the temperature rises are to be measured 
relative to the inlet temperature of the water and the 
permissible temperature rises shown in Table XXV 
may be inereased by 18° F, (10° C.). 

4203 The temperature rises of all motors in 
ships such as coasters, ferries and harbour craft 
intended solely for use in northern and southern 
waters outside the tropical belt are not to exceed the 
limits shown in Table XXV. 


Nore.—For alternating-current installations, in order that the 
highest practicable operating power factor may be obtained, the 
installation of over-sized motors should be avoided, and motors 
should be selected to have ratings as close as practicable to the 
actual load requirements. 


1204 Flameproof motors are to conform to 
Appendix 6. 


Excessive Ambient Temperature 

4205 Where the temperature of the cooling air 
exceeds 113° F. (45° C.) in the case of motors where 
Table XXIV applies and 104° F. (40° C.) where 
Table XXV applies or where water cooling is used 
and its temperature exceeds 85° F. (29:5° C.) the 
permissible temperature rise of the motors is to be 
reduced by an amount equal to the excess temperature. 


Testing 

4206 Each motor intended to be used on 
essential services in ocean-going ships (except 
trawlers) and ships operating in tropical waters is 
to be tested at the maker’s works, and a certificate 
giving the results is to be submitted for approval. 


The tests are to include :— 

A temperature test at that rating which produces 
the greatest temperature rise. In cases where this 
cannot be predetermined, the machine is to be tested 
separately under each of its ratings. 
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Speed-load characteristics. 
Speed range if variable speed. 
Insulation resistance. 

High voltage test. 


Machines of 100 b.h.p. and over, intended to be 
used on essential services, are to be inspected by the 
Surveyors during manufacture and testing. 


Nore.—A list of motors considered as typical of essential services 
is given in M 2403. 


4207 Where the air circulating fans for refriger- 
ated cargo chambers are electrically driven, plans 
showing the construction of the motors are to be 
submitted for consideration and the motors are to 
be inspected by the Surveyors during manufacture. 
Type tests on the first motor of each size and type 
are to be carried out in the presence of the Surveyor 
in accordance with Appendix 3 and abbreviated tests 
are to be carried out by the maker and certificates 
giving the results are to be submitted for approval. 


Construction of Motors 


1208 Only Class A or Class B insulating mat- 
erials, in aecordanee with Appendix 2, are to be used 
in the construetion of motors. 


4209 All motor windings are to be treated to 
resist moisture, sea air, and oil vapour. 


1210 In motors for essential services, the 
following additional requirement is to be com- 
plied with :— 


All motor windings are to be insulated from their 
frames and/or cores with mica or micanite, and in bar- 
wound armatures the insulation between conductors 
or between upper and lower layers or equivalent 
portions, between which there is a periodic full 
rated voltage, is to be of micanite or other similar 
non-hygroseopie non-inflammable material. 


4244 All working parts of motors are to be 
readily accessible, and all live parts in excess of 
250 volts direct current to earth or 150 volts alter- 
nating current to earth are to be suitably guarded 
or enclosed (see M 413). 


4212 Where welding is applied to shafts of 
motors engaged on essential services for securing 
armature arms or spiders, plans showing the construc- 
tion are to be submitted for consideration. 
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Brushes 

1243 Motor brushes for use on commutators or 
slip-rings are to be of earbon, graphite, or metal- 
graphite, and are to be provided with flexible copper 
connections. 


4244 Commutator brushes are to be staggered 
longitudinally in such a manner that in multipolar 
motors every part of the commutator working surface 
is swept by the brushes, to prevent the formation of 
ridges. The staggering is to be so arranged that in 
multipolar direct-eurrent motors a positive brush is 
always in line with a negative brush on an adjacent 
brush arm. . 


Terminals 


4215 Suitable terminals, clearly marked, are to 
be provided in an aceessible position, convenient for 
wiring, and except where substantial mechanical cable 
clamps are supplied they are to be provided with cable 
sweating sockets. The terminals are to be effectually 
secured and are to be so spaced and/or shielded that 
they cannot be accidently earthed, short-circuited, or 
touched. 


Mechanical Balance 


4216 Every motor is to be so constructed, 
erected, and supported, that when running at any 
and every working speed all revolving parts are well 
balanced, and the motor is not to give rise to any 
appreciable vibration on the test bed in service. 


Lubrication 


1217 Motors are to be efficiently and continu- 
ously lubricated automatically at all running speeds 
and all normal working oil temperatures when con- 
tinuously inclined from the normal at any angle up 
to 15 degrees and when the ship is rolling up to 
224 degrees from the vertical without the spilling of 
oil, with the exception that the longitudinal angle 
may be limited to 10 degrees for motors placed with 
_ their axes of rotation in a fore-and-aft. direction. 
Where ring lubrication is employed, the rings are to 
be so constrained that they cannot leave the shaft. 
Oil flingers or other suitable means are to be pro- 
vided to prevent the lubricant creeping along the 
shaft or otherwise gaining access to the insulation 
of the machine or any live part thereof. Every oil- 
lubricated bearing is to be provided with a suitable 
overflow which, while permitting efficient lubrication 
when the machine is running, is to prevent the bearing 
from containing an exeess of oil. 
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1248 Every self-lubricated sleeve bearing is to 
be fitted with an inspection lid and means for the 
visual indication of the oil level. 


1249 Where forced lubrication is employed, an 
alternative means of lubrication such as oil rings or 
an oil reservoir is to be provided if no warning device 
is fitted, or a period exceeding 30 seconds elapses 
before the machine comes to rest after the interruption 
of power. 


Earthing 


4220 The bedplate (if any) and frame of every 
motor is to be effectually earthed. 


Shaft Currents 


1224. Means are to be taken to prevent the 
formation of circulating currents which might flow 
between the shafts and the bearings. 


Position in Ship 

4222 Motors are, wherever possible, to be placed 
in well-ventilated compartments in which inflammable 
gases cannot accumulate, and in all cases are to be 
fixed clear of all inflammable material. Where these 
conditions cannot be complied with, motors fitted in 
such compartments are to be of the flame-proof type 
or forced-draught type with supply and exhaust pipes 
or ducts taken outside the compartment. 


41223 Motors are, as far as possible, to be placed 
in positions in which they are not exposed to risk 
of mechanical injury or to damage from water, steam, 
or oil. Motors necessarily exposed to such conditions 
are to be of one of the following types :— 

Totally-enclosed, including totally-enclosed fan- 
cooled. 

Pipe-ventilated. 

Drip-proof. 

Watertight. 

. Immersible. 


1224 Pipe-ventilated motors are to be supplied 
with air as cool as possible, and the air intakes are 
to be guarded against the admission of dirt and/or 
moisture. 


1225 Motors essential to the safety of the ship 
in the event of damage (e.g., emergency bilge-pump 
motors) are to be so installed as to be capable of 
running for a reasonable period after the ecompart- 
ment in which they are situated has been flooded. 


ELECTRICAL EQUIPMENT 


Axes of Rotation 


1226 Motors, other than those of the vertical 
spindle type, are, wherever possible, to be placed with 
their axes of rotation in a fore-and-aft direction. The 
end play is to be reduced to a minimum, and adequate 
provision is to be made for taking the end thrust due 
to the motion of the ship. 


Unprotected Woodwork, etc. 


4227 No unprotected woodwork or unprotected, 
readily combustible material is to be within a distance 
of 12 inches measured horizontally from, or within 
4 feet measured vertically above, any motor, unless 
the latter is enclosed. 


Fans for Refrigerated Cargo Chambers 


4228 In cargo refrigerated installations intended 
for reducing the temperature of fruit cargo, fan 
motors fitted in the air stream are to be totally 
enclosed where they are fitted between two sections 
of a cooler or where the air from the cooler passes 
over the motor. 


Heat Exchangers 


41229 If water-cooled heat exchangers are used 
they are to be so arranged as to prevent leakage or 
condensation from the cooler tubes from entering the 
machine. 


Section 13 
MACHINE CONTROL GEAR 


General Construction 


1304 Field rheostats, speed regulators, motor 
starters, and motor controllers, are to be constructed 
wholly of durable, non-ignitable, non-hygroscopie 
materials, and unless otherwise guarded from 
approach, and where used for switehboards, are to 
be enclosed in non-ignitable cases. 


4302 Machine control gear is to be unaffected 
by vibration or shock, and is to operate satisfactorily 
under all conditions with the ship inclined from the 
normal at any angle up to 15 degrees transversely and 
10 degrees longitudinally, and with rolling up to 
224 degrees from the vertical. 
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4303 The contact-making faces of machine 
control gear are to be sufficiently numerous to prevent 
destructive arcing, and the contacts and fingers of 
motor controllers and contactors are to be capable of 
withstanding at least 5,000 operations under full-load 
conditions without undue wear. At full-load current 
and full voltage, the interruption of the ares is to be 
effected without the projection of molten metal and 
without destructive arcing. The wearing parts are to 
be easy to replace without completely dismantling the 
apparatus. 


4304 Handles and their attachments of machine 
control gear are to be mechanically strong, and are 
to be so designed and arranged that the hand of the 
operator, when using the device, cannot touch live 
metal, or be injured through an are arising from 
the device. 


4305 Operating handles of machine control gear 
are not, under working conditions, to have a tempera- 
ture rise of more than 27° F. (15° C.) above the 
ambient air temperature. 


4306 The cases of machine control gear are to 
be effectually earthed. 


4307 The clearances and creepage distances are 
to be suitable to the nature of the insulation provided, 
the provision made for are quenching and the 
operating ‘ characteristics of the apparatus. The 
following figures are to be regarded as minimum 
values applying to non-arecing parts in favourable 
cireumstanees in air and in oil, to earth or between 
poles or phases. 


Up to 250 V Above 250 V. Above 440 V. 
Pp to 200". | and up to 440 V.| and up to 650 V. 
Clearance Creepage |Clearance | Creepage Clearance | Creepage 
7 ices inches inches inches | inches inches 
Up to 3 3 3. a | wa a 
10 amperes | T6 8 16 T6 8 2 
| 
Over 10, up | 1 h L 3 ! 
| } a 16 > zg y 
to 75 amperes - ; © 
Over 3 1 5 7 
-- | 8 2 s s & s 
éo amperes | 


The clearance between arcing contacts and the 
case is to be such that operation within the rating of 
the apparatus can be carried out satisfactorily. 
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4308 Where conduit is used for the external 
connections to machine control gear, the conduit is 
to be securely attached to the case and is to be so 
arranged as to enclose the cable completely at the 
point of entry into the case. Where lead-alloy- 
sheathed and/or armoured cable is used, provision 
is to be made to ensure that the metallic sheathing 
of the cable is so attached to the case of the apparatus 
as to ensure adequate electrical continuity. 


Temperature Limits 


4309 The temperature limits specified in 1311 
and 1312 are not to be exceeded. Where the ambient 
air temperature exceeds 104° F. (40° C.), the specified 
temperature rise is to be correspondingly reduced so 
that the specified total temperature is not exceeded. 


4310 Continuously rated contacts and conductors 
are to be capable of sustaining the rated full-load 
current continuously and a 25 per cent overload for 
two hours after having reached a steady temperature 
corresponding to full-load, without injury to them- 
selves and without causing damage to any adjacent 
parts. 


1311. The temperature limits of release, blow-out, 
contactor-operating, and relay eoils which are left in 
cireuit continuously at rated voltage and/or rated 
current, are not to ‘exceed the values given in 
Table XXIII, temperature measurements being made 
by thermometer or by thermo-couple on the surface. 


4312 The total temperature of metallic resistors 
is not to exceed 464° F. (240° C.) at any point 
[360° F. (200° C.) temperature rise] as measured by 
a thermometer placed in contact with the resistance 
material. The total temperature of the air issuing 
from a ventilated resistor is not to exceed 284° F. 
(140° C.), that is a temperature rise of 180° F. 
(100° C.), measured at a point 1 inch from the case. 
Where the temperature of any part of the case of a 
totally enclosed resistor is likely to exceed 170° F. 
(76-6° C.), the apparatus is to be so located or guarded 
as to prevent it from being inadvertently touched. 


Resistors 


4343 Internal connections of resistors are not to 
have soldered joints unless such joints are primarily 
secured mechanically. Bare connections of resistors 
are to be sufficiently rigid, or are to be supported 
to prevent movement, or continuously insulated with 
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porcelain beads, care being taken to prevent short- 
circuiting at crossings in the event of breakage or 
displacement of beads, or insulated with fire-proof 
non-hygroscopic material suitably supported to pre- 
vent contact with earthed metal or wires of opposite 
polarity. 


4314 Where resistors are not self-supporting or 
rigidly fixed, they are to be supported throughout 
their length by non-ignitable, non-hygroscopie insu- 
lating material. 


4315 Resistance elements, other than those of 
shunt field regulators, are to be readily replaceable. 


Range of Operation 


14316 Shunt operated contactors, releases and 
relays are to be capable of functioning satisfactorily 
even when the line voltage falls to 80 per cent for 
direct current and 85 per cent for alternating current 
at any permissible temperature within the working 
range. 


Terminals 


1317 Suitable terminals with soldering sockets 
or mechanical clamps are to be provided for the 
attachment of external leads, and are to be so situated 
that such leads are not exposed at any point to a high 
temperature. 


4348 Soldered sockets are not to be used on 
resistors unless a separate terminal board, not subject 
to high temperature, is provided. 


Position in Ship 

4349 Machine control gear is, wherever practi- 
cable, to be placed in well-ventilated positions, free 
from the likelihood of an accumulation of inflammable 
vapour or gas. When such conditions cannot be 
complied with, such apparatus is to be flame-proof. 


4320 Machine control gear is, wherever practi- 
cable, to be placed in positions in which it is not 
exposed to risk of mechanical injury or to damage 
from water, steam, or oil. Where necessarily exposed 
to such conditions it is to be totally enclosed. Glazed 
windows are to be as small as possible, consistent with 
their purpose, and are to be suitably protected. 


1324 Resistors are to be placed in well-ventilated 
compartments, free from the likelihood of an accumu- 
lation of inflammable gases, and in such positions as 
to be clear of all inflammable material. No unpro- 
tected woodwork or unprotected, readily combustible 
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material is to be within a distance of 6 inches 
measured horizontally from, or within 24 inches 
measured vertically above, the frames or cases of 
resistors. 


Control of Motors 


4322 Every electric motor is to be provided 
with efficient means for starting and stopping, so 
placed as to be easily operated by the person con- 
trolling the motor; and, except for selected motors the 
continuous availability of which is essential for the 
safety of the ship, every electric motor having a rating 
exceeding one-half horse-power is to be provided 
with control apparatus complying with the following 
sub-paragraphs :— 

(a) Means to prevent the motor re-starting after 
the under-voltage release has operated where the 
unexpected re-starting of the motor might cause 
injury to the operator. 


Nore.—It is recognised that certain applications require the 
automatic starting of a motor at irregular intervals in response to 
control devices which are governed, for example, by thermostatic, 
pneumatic or hydraulic devices. In such applications it is 
intended that the motor should start automatically on the 
restoration of supply. 


(b) A starter or switch for limiting the starting 
and accelerating current to the extent, if any, 
necessitated by the capacity of the available 
generating plant or of the cable network. 


(c) Efficient means of isolation suitably placed 
and so connected that all voltage may thereby be 
eut off from the motor and all apparatus, including 
any automatic cireuit-breaker, used in connection 
therewith. 


(d) Where the primary means of isolation is 
remote from a motor, an additional means of isolation 
is to be installed adjacent to the motor starter, or, 
alternatively, provision is to be made for locking the 
primary means of isolation in the off position. 


Nore.—The “primary means of isolation” is that provided at 
the switchbeard section-board or distribution fuse-board. 


4323 Where a single master-starter system (i.e., 
a starter used for controlling a number of motors 
successively) isused, theapparatus is to provide under- 
voltage and over-current protection, and, for each 
motor, means of isolation not less effective than that 
required for systems employing a separate starter for 
each motor. Where the starter is of the automatic 
type, suitable alternative means is to be provided for 
manual operation. Where the starter is employed for 
the starting of motors for essential services, the 
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starting portion is to be duplicated and means are to 
be provided for transfer in the event of failure of 
one of the starters. 


Protection of Motor Circuits 
41324 Every electric motor having a rating ex- 
ceeding one-half brake-horse-power except selected 
motors, e.g., steering gear, the continuous availability 
of which is essential for the safety of the ship is to be 
provided with a means to disconnect the supply 
automatically in the event of the current becoming 
excessive owing to mechanical overloading of the 
motor. In the ease of polyphase motors, this shall 
consist of a linked cireuit-breaker or a linked con- 
tactor with protective devices so arranged that an 
over-current in any one phase will disconnect all 
insulated poles. 
Nore.—To comply with this requirement it is generally necessary 


to provide local protection additional to that given by means ot 
fuses or circuit-breakers at the source of supply. 


Full-Load Currents of Motors 

1325 For motor control gear, the maximum 
current of an electric motor is to be deemed to be 
the full-load rated current of the motor, and, unless 
the actual current be known, is to be taken to 
correspond to the values given in Table XXI for 
the types referred to therein. For motor outputs 
between those shown in the Table, the full-load 
current is to be taken to be directly proportional to 
the output and is to be caleulated from the next 
lower output in the Table. 


Testing 

1326 Control gear and resistances are to be 
tested by the makers with a high voltage applied 
between the earthed frame and all circuits between 
live parts forming positions of independent circuits 
The test voltage is to be 1,000 volts plus twice the 
rated voltage, with a minimum of 2,000 volts 
alternating of any frequency between 25 and 100, 
maintained for one minute. Instruments forming 
part of the apparatus are to be included in this test 
unless the scale-length is 34 inches or less, in which 
ease they are to be isolated and tested separately at 
1,000 volts. 


Shunt Field Circuits 

4327 Control gear, including isolating and re- 
versing switches, is to be so arranged that shunt field 
circuits are not disconnected without an adequate 
discharge path being provided. 
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Section 14 
HEATING AND COOKING APPLIANCES 


General Construction 

1401 All electric heating and cooking appliances 
are to be so constructed and mounted that their 
supports and those parts which have necessarily to 
be handled in use cannot become heated to a tem- 
perature exceeding 130° F, (54° C.). The heating 
elements are to be of materials durable at the highest 
temperature which they attain, and are to be so 
arranged that they can be readily replaced. 


1402 The electrical connections between the 
heating elements are to be effected either by joining 
parts of the elements themselves or by such con- 
struction that the connecting conductor will not 
deteriorate at the maximum temperature to which 
it may be subjected. The junction between the 
elements and switches or external connecting leads 
is to be effected without solder by suitable connections, 
which are to be so placed that the temperature of any 
part of the switches or terminals to which insulated 
cables may be connected. cannot exceed 170° F. 
(76-6° C.). 


1403 All connections between heating elements 
and between heating elements and terminals to which 
insulated cables may -be connected are, unless self- 
supporting or rigidly fixed in position, to be 
continuously insulated ‘with suitable non-inflammable 
material. 


4404 All live parts, whether heating elements or 
terminals, are to be carried on non-hygroscopie non- 
inflammable insulating material. 


1405 The heating elements of heating appliances 
are to be suitably guarded. The guards are to be of 
robust construction and so fitted that they cannot be 
brought into contact with them. 


1405 All live parts of cooking appliances are to 
be so protected that the cooking utensils cannot be 
brought into contact with them. 


Provision for Earthing 


1407 All heating and cooking appliances, 
whether portable or fixed, are to be provided with 
suitable terminals for earthing the metal framework, 
and such terminals are to be effectively connected 
to earth. 
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Control 

1408 Every heating and cooking appliance, 
whether portable or fixed, is to be controlled locally 
by a fixed switch, and where a socket-outlet is 
provided it is to be connected between the switch and 
the appliance. 


Portable Appliances 

1409 All portable heating and cooking appli- 
ances are to be of such shape or so weighted that 
they cannot easily be overturned, and suitable stowage 
positions are to be provided for them. 


Protection of Inflammable Materials 


1440 All inflammable materials in the vicinity 
of heating and cooking appliances are to be protected 
by suitable fire-resisting materials. Every heating 
appliance is to be so mounted that there will be at 
least one inch of air space between the appliance and 
the deck or bulkhead. Heaters are to be so designed 
and protected that clothing or other inflammable 
material cannot be placed over them in such a manner 
as to cause risk of fire. 


Space Heaters 

1441 Heaters are to be fixed in position and are 
to be sueh as to heat the surrounding air by convection 
except that heaters of the radiation type may, if 
desired, be used provided they are so constructed and 
installed that the element is not so exposed that eloth- 
ing, curtains, bedding or other similar material ean be 
scorched or set on fire by heat from the element and 
full details are submitted in advance for consideration. 


4442 Heaters are to be durable and all parts are 
te be of robust construction. The protecting guards 
are to be strong enough to resist being forced against 
any current-carrying part. The openings are to be of 
small size to prevent the heating elements from being 
short-circuited or injured by accident. 


1443 Internal connections are to be either bare 
wires sufficiently rigid to be self-supporting or 
insulated with non-ignitable non-hygroseopic material 
suitably supported to prevent contact with earthed 
metal or wires of opposite polarity. Where porcelain 
beads are used care is to be taken to prevent short- 
circuiting at crossings or earthing in the event of 
breakage or displacement of beads. 
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4414 
locked. 


All serews and nuts are to be effectually 


4445 All heaters are to be tested at the maker’s 
works and are to withstand 1,500 volts alternating 
current at any frequency between 25 and 100 cycles 
per second applied for one minute between all current 
carrying parts and the metal frame (if any) and/or 
fixing lugs. 


Explosion Risks 


14446 In situations in which an inflammable 
vapour or gas is likely to accumulate, heating appli- 
ances capable of igniting such vapour or gas are not 
to be installed. 


Section 15 


SPECIAL REQUIREMENTS FOR PETROLEUM TANKERS 
AND FOR SHIPS CARRYING OIL IN BULK HAVING A 
FLASH POINT LESS THAN 150° F. (65°5° C.) 


General 


1504. Where flame-proof construction is specified 
in this Section, the apparatus is to comply with the 
requirements of flame-proof gear as specified in 
Appendix 6. Further, where flame-proof apparatus 
is required to be used, and apparatus is obtainable 
which is covered by a certificate issued by a competent 
independent Testing Authority, such apparatus only 
is to be used. 


Nature of Supply 


1502 Lighting circuits, socket outlets and cabin 
heating circuits are not to have any electrical connec- 
tion with a cireuit (or source of supply) of higher 
voltage than those specified in M110. 


Generating Plant 


4503 Generating plant is to be fitted in the main 
engine room, or, alternatively, in a well ventilated 
machinery space separated from the cargo tanks by 
a cofferdam or equivalent safety space. 


4504 Two or more generating sets are to be 
provided of such combined output that, in the eveni 
of one set being out of service, the remaining 
generating plant is capable of carrying the normal 
working load, except that in ships of less than 
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500 tons gross measurement where the supply is not 
employed for essential power services one set only 
need be fitted, provided that the following spares are 
carried :— 

For direct-current installations a spare generator 
armature and set of field coils (including commu- 
tating-pole coils, where commutating poles are fitted). 

For alternating-current installations, a spare 
armature (rotating or stationary) and two field coils 
for both the alternating-current generator and the 
exciter. 

The requirements of this paragraph also apply to 
motor-generators and transformers where used for the 
supply to lighting circuits. 


Switchboards 


4505 The main switchboard is to be fitted in the 
same compartment as the generating plant. 


4506 All switchboards, section boards, distribu- 
tion fuse-boards, and joint boxes, are to be fitted well 
clear of boilers, steam or oil pipes, settling tanks, and 
Diesel-engine exhaust pipes or manifolds, 


1507 Every outgoing cireuit from the main 
switchboard and section boards is to be provided 
with a multi-pole (linked) circuit-breaker or, alter- 
natively, a multi-pole (linked) switch arranged to 
interrupt the circuit on all poles simultaneously, with 
fuses of the type required in 1527 on each pole. 


4508 Every earth-indicating device, other than 
one depending solely on lamps, is to be so designed 
that the flow of current to earth cannot exceed 
30 milliamperes, and the inductance of the path to 
earth in the indicating circuit is not to exceed 
60 millihenries. Where an earth-indicating system 
using two lamps is adopted, such lamps are to be of 
the metal-filament type, each not exceeding 15 watts. 
The system employing a single lamp is not to be used. 


Nore.—To facilitate comparison of the brilliance of earth 
indicating lamps they should be of the same colour and size 
and should be placed not more than 6 inches apart. 


Distribution 


4509 No current-carrying part of the system is 
to be earthed, except as provided for in 1508, or 
through capacitors as may be required for the abate- 
ment of radio-interference or the secondary circuits 
of ecurrent- and potential- transformers. 
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4540 All eables, other than mineral-insulated 
copper-sheathed cables, flexible cables and cables in 
accommodation and. machinery spaces (see 1511) 
are to have the protective sheathing specified below, 
according to the conditions under which they are 
installed. 


Where run exposed, without additional protection 
from mechanical damage :— 


Lead-alloy-sheathed and armoured, with or 
without braiding over the armour. 


Where protected from mechanical damage or run 

in pipes :— : 
Lead-alloy-sheathed and either armoured or 

metal braided. 


4544 Cables (other than flexible cables) in 
accommodation and machinery spaces are to be lead- 
alloy-sheathed (with or without braiding, armour or 
armour and braiding) or mineral-insulated copper- 
sheathed. 


4542 The cables referred to in 1516 are to be 
mineral-insulated copper-sheathed or insulated with 
varnished cambrie or with rubber of highest quality 
and specially suitable for withstanding extremes of 
temperature. 


4513 Every flexible cable is to be provided with 
an earth continuity conductor in addition to the 
current-carrying conductors and, except for flexible 
cords in cabins and accommodation, the nominal eross- 
sectional area of every conductor in the cable is to be 
not less than 0-003 square inch. The earth continuity 
conductor in the flexible cable is to be effectively 
connected to the earth pin of the plug at one end and 
to the metal, if any, of the portable appliance at the 
other end. Every flexible cable is also to be provided 
with means for relieving the conductors of mechanical 
stress, and is to be so installed that such means are 
effective. Flexible cords in cabins and accommodation 
are to comply with the requirements of M 805 to 
M 807. 


4514 Every flexible cable is to have the cores 
so laid up and arranged as to provide the maximum 
degree of flexibility and freedom from internal 
damage due to twisting and kinking. For flexible 
eables having a nominal cross-sectional area greater 
than 0-007 square inch, an external close-fitting sheath 
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of tough rubber reinforced with embedded canvas is 
to be fitted, and it is to be of sufficient thickness and 
strength to protect the cores from external damage 
by heavy compression and abrasion. 


Installation of Cables 

4545 Cables are to be so installed that they are 
not subjected to tension or chafing due to the working 
of the ship’s structure. 


1546 Cables installed on deck or under fore- 
and-aft gangways are to be run either in substantial 
channels of steel bar or plate, or, alternatively, in 
galvanised steel pipes fitted with bolted flanged joints 
or screwed unions. The thickness of the steel pipes 
is to be not less than that stated in the following 
schedule :— 


Nominal Bore of Pipe . Minimum Thickness of Pipe 

inches SWG inc 

3 10 0-128 

1 9 0-144 

1} 8 0-160 

14 7 0-176 

2 7 0-176 

24 to 6 6 0-192 


1517 Where channels or plating are employed 
the ends are not to be rigidly attached to bulkheads at 
the poop, midships house, and forecastle, and suitable 
expansion bends or bights are to be provided in the 
cables at these points. 


1548 Where pipes are employed the total cross- 
sectional area of the cables contained within a single 
pipe is not to be more than 30 per cent of the internal 
cross-sectional area of the pipe. Substantial stuffing 
boxes with adjustable packed glands are to be provided 
at intervals in the run of pipes to allow for expansion 
and contraction, and the working of the ship. In 
particular, stuffing boxes are to be fitted at each bulk- 
head through which the pipes pass. The run of the 
pipes is to be as direct as possible to facilitate the 
drawing in of cables, and all parts of the pipe system 
are to be effectively drained and ventilated, and 
earthed in accordance with M 934. 


4549 All cables, except mineral insulated ecopper- 
sheathed cables, and all pipes containing cables, 
running fore and aft are, throughout their length, to 
be kept at such a distance from steam and exhaust 
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pipes as to be substantially free from any heating 
effect from such pipes. At the bulkheads this distance 
is to be not less than 18 inches from the flanges of 
steam pipes of more than 3 inches diameter, and not 
less than 12 inches from the flanges of steam pipes of 
3 inches diameter or less. 


4520 The total number of cables installed on the 
fore-and-aft gangway is to be reduced to a minimum. 


Voltage Drop 


4524. In computing the sizes of main cables 
running forward from the engine room, special care 
is to be taken to avoid excessive voltage drop (see 
M617), in view of the length of such cables on this 
class of ship. 


Fittings and Accessories 


4522 The enclosing cases of all section boards 
and distribution fuse-boards, are to be wholly of 
metal and, except in accommodation spaces, are to be 
weatherproof. Except in accommodation spaces, en- 
closing cases of lighting fittings and accessories are 
to be wholly of metal and are to be weatherproof or 
flameproof as required under 1526 and 1528. All 
metal cases are to be effectively earthed. 


4523 All switches in distribution circuits are to 
be of the multi-pole linked type. 


41524 Switches controlling the lighting fittings 
referred to in 1528 (a) and 1533 are to be fitted in 
safe positions, and are not to be immediately adjacent 
to the lighting points. 


4525 Every socket outlet for use with flexible 
cables is to be provided with means for connecting to 
earth an earth-continuity conductor in the flexible 
cable attached to the portable appliance. 


4526 Switches and socket outlets other than 
those of the flameproof type are not to be fitted 
within 10 feet of any oil tank outlet or vapour outlet. 


4527 Every fuse-element fitted on a switchboard, 
section board and distribution fuse-board is to be 
entirely enclosed in a non-ignitable non-hygroscopie 
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insulating cartridge filled with refractory material. 
They are to comply with the requirements of M 362 
to M 3869, 


Lamps and Appliances 

4528 No lighting fitting, electrical appliance, or 
wiring of any kind, is to be installed in any oil tank, 
cargo pump room (exeept as permitted in 1533 and 
1534), cofferdam, or any other space immediately 
adjacent to and below the top of the oil tanks. Every 
lighting fitting is to have as a minimum the following 
enclosure corresponding to its position or use in the 
ship — 

(a) In between-deck spaces immediately above 
any cargo oil tank—F'lame-proof. 

(b) On open decks within a distance of 10 feet 
from any cargo oil tank outlet or vapour outlet— 
Flame-proof. 


(c) Portable lamps fed by flexible cables— 
Weatherproof, and provided with strong metal 
guards, 

(d) In engine rooms (except floodlights), store 
rooms, dry eargo holds, and similar safe spaces, also 
about the open decks, other than in the positions 
defined above—Weatherproof. 

Floodlights in engine rooms may be of the open 
type provided they are drip-proof and the lamp 
sockets are of the Edison screw type. 


(e) Navigation and signal lights—Weatherproof. 


1529 Luminous discharge tubes and electric 
discharge lamps, other than tubular fluorescent lamps 
(Type MCF/U), are not to be used. 


1530 Searchlights, other than those required to 
be fitted in compliance with the Suez Canal require- 
ments for navigational purposes, are not to be of the 
earbon-are type. The frames and all non-conducting 
metal parts are to be effectively earthed. 


Portable Appliances 


1534 The metal frame of every portable electric 
lamp, drill, and other appliance, fed through a flexible 
cable is to be provided with suitable means for 
permanent connection to the earth continuity con- 
ductor of the flexible cable, and is to be earthed. 
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Heating and Cooking Appliances 


4532 Electrical cooking appliances (except where 
they are installed in the ship’s galley aft of the oil 
tanks) and all electrical heaters are to be of the 
black-heat type the temperature of which does not 
exceed 575° F. (302° C.) under normal working con- 
ditions, and are to be securely fixed in position and 
permanently connected to fixed wiring and metal 
frames are to be earthed. 


Cargo Pump Rooms 


1533 Cargo pump rooms are to be adequately 
lighted by lamps enclosed in flame-proof lighting 
fittings permanently connected to fixed wiring and 
fitted wholly outside the space, always provided that 
pump rooms immediately adjacent to an engine room 
or similar safe space may be lighted through substan- 
tial gas-tight permanently fixed glazed ports, fitted in 
the bulkhead, and, where the lighting fitting is not 
immediately in contact with the bulkhead, the fitting 
used in such safe space need not be of flame-proof 
type. 


4534 Alternatively cargo pump rooms may be 
lit by certified flame-proof fittings located in the com- 
partment and complying with the following :— 


The lamps are to be arranged on at least two 
independent circuits controlled by fuses and switches 
located in a safe space outside the compartment. The 
lamps and corresponding switches and fuses are to be 
suitably labelled for identification purposes. 


Well-glasses and the like are to be suitably 
protected from damage, and are to be secured by 
screws or nuts requiring a special key for their 
removal, 


The cables are to be run in heavy gauge steel 
conduit with flame-proof accessories or to be spiral 
wire armoured, kept clear of the bulkheads and 
suitably protected, where necessary, from mechanical 
damage. 


Portable Lamps 


4535 Portable lamps, other than self-contained 
battery-fed lamps of a type approved by a competent 
independent Testing Authority for use in explosive 
petroleum atmospheres, and gas detecting lamps 
similarly approved, are not to be used in any oil tank, 
pump room, cofferdam, or any other space immediately 
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adjacent to and below the top of the oil tanks, unless 
the atmosphere therein has been tested and certified 
to be free from such explosive mixtures. 


4536 Enamelled iron or similar permanent 
notices of ample size are to be secured in two or more 
conspicuous positions prohibiting the use of lamps 
and other electrical appliances fed by flexible cables 
in the oil tanks, cofferdams, or pump rooms, unless 
they have been certified to be free from explosive 
mixtures. 


4537 Portable lamps and other portable elec- 
trical appliances are not to be used unless previously 
inspected to see that all parts are in position and that 
the earthing and other connections are in good order 
at the plug and the appliance. 


Motors, etc. 


4538 Motors and their starting or control gear 
are to be fitted only in the undermentioned positions, 
and are to have as a minimum the enclosure corre- 
sponding to each position :— 

Machinery and steering gear spaces—Drip-proof 
type. 

Open deck, within 10 feet from an oil tank outlet 
or vapour outlet—Flame-proof type; elsewhere on 
open deck—Watertight type. 


Radio and gyro-compass rooms where not liable 
to an accumulation of inflammable vapour—Protected 
type. 

Living accommodation (small cabin fans only)— 
Protected type. 


Electrical Apparatus in "Tween Deck Spaces 


4539 Electrical apparatus other than the fittings 
permitted by 1528 (a) may be fitted in tween deck 
spaces immediately above cargo tanks provided it be 
housed in a special compartment with boundaries 
which are gastight towards the ’tween deck space and 
has a cofferdam between its floor and the cargo tanks. 
Access is to be solely from the deck above and the 
compartment is to be adequately ventilated. Cables 
are not to be attached directly to the bulkheads or 
floor, and section boards are not to be located in this 
compartment. 

Plans showing the construction of the compart- 


ment, the electrical apparatus to be housed therein, 
and the provisions for ventilation are to be submitted. 
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Section 16 


SECONDARY BATTERIES 


General 


4604 Secondary batteries installed permanently 
in position, except small batteries of portable types, 
are to comply with the requirements of this Section. 
The term “battery compartment” implies any com- 
partment, recess or locker occupied by secondary 
batteries. 


Construction 


4602 The cells of secondary batteries are to be 
so constructed as to prevent spilling of the electrolyte 
due to the motion of the ship and prevent the emission 
of acid or alkaline spray on to surrounding objects. 
The containers are to be of strong construction and 
of non-brittle material; they are not to be of celluloid. 
The plates are to be of such dimensions and so 
arranged that they are firmly secured against motion 
within the containers. 


Arrangement 


4603 Every battery is to be so arranged that 
each cell or crate of cells is readily accessible from 
the top and from at least one side; the cells are, if 
possible, to be arranged in a single tier. The cells 
or erates are to be carried on insulators which are 
either to be integral with them or be separate com- 
ponents of glass, vitreous porcelain, ebonite, rubber, 
or equivalent material; insulators of similar material 
are to be employed to prevent any movement of the 
cells arising from the motion of the ship. 


Position of Battery Compartment 


1604 The position of the battery compartment 
is to be such that no magnetic compass is affected by 
currents in the battery or in any conductors con- 
nected thereto. 


The battery is to be located in such a position 
that it is not liable to be subjected to extremes of 
temperature. 


Protection of Battery Compartment 


4605 Where acid is used as the electrolyte for the 
battery, the deck below the cells is to be so protected 
with lead or other acid-resisting material as effectually 
to prevent any acid from lodging in contact with the 
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structure of the ship. All metalwork within the 
battery compartment, including exposed metal on the 
battery and its connections, is to be protected with 
acid-resisting paint, unless such metalwork, by virtue 
of its composition or arrangement, or for other reasons, 
is not subject to the deleterious effects of acid. 


Ventilation of Battery Compartment 

1606 The battery compartment is to be suitably 
ventilated so that it is impossible for battery gases 
to accumulate in appreciable quantities during periods 
of charging, discharging or standing on open circuit. 


Naked Lights 

4607 A permanent notice is to be exhibited 
prohibiting naked lights and smoking in the vicinity 
of the battery. 


Control 

4608 Suitable means, including an ammeter and 
a voltmeter, are to be provided for controlling the 
current with which a battery is to be charged and to 
protect against accidental discharge into the charging 
circuit. 


4609 Switches, fuses and other electrical equip- 
ment liable to cause an are are not to be placed within 
the battery compartment. The battery cables are to 
be protected by a fuse in each conductor at a position 
adjacent to the battery compartment. 


Section 17 
COLD CATHODE LUMINOUS DISCHARGE LIGHTING 


Nore.—This section applies to cold cathode luminous discharge 
tubes having a normal operating voltage in excess of 250 volts. 


General 

4701 External electric signs are not to be 
installed in a position where they are likely to obscure 
or be mistaken for any navigation light specified 
in the International Regulations for Preventing 
Collisions at Sea. 


4702 The earthing of electric signs is to be 
carried out in compliance with M409. It is not 
necessary to earth metal clips or clamps used in 
positions remote from the terminals to support 
luminous-discharge-tubes, unless it is found desirable 
to effect the earthing of such clips or clamps in order 
to reduce interference with radio reception. 
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4703 Every motor and other mains-operated 
apparatus employed for switching or flashing of 
electric signs is to be connected to an independent 
final sub-cireuit. 


Installations 

4704 Every luminous - discharge -tube instal- 
lation, in addition to complying with such require- 
ments of 1701 to 1703 as are applicable, is to comply 
with the requirements of 1705 to 1708. 


4705 The voltage of primary circuits is not to 
exceed that permitted for ordinary lighting circuits. 


4706 The secondary or high-voltage circuit is 
to be permanently earthed at the transformer, and 
the core of every transformer is to be earthed. 


4707 Irrespective of the method of obtaining 
the voltage of the circuit which feeds the luminous- 
discharge-tubes, all parts of such circuit are to be 
isolated from the supply. - ; 


4708 Notices, made of durable material that will 
be unaffected by the weather and in size each not less 
than 18 square inches are to be set up and maintained 
at points of access to the luminous-discharge-tubes, 
and where otherwise necessary. The notices are to 
bear the following wording :— 


DANGER 


SWITCH TO BE LOCKED IN THE OFF 
POSITION BEFORE TOUCHING 


The word “DANGER” is to be in large red letters 
and the word “LOCKED” is to be emphasised. The 
remainder of the lettering is to be either black or 
white, depending on the colour of the plate. 


Enclosure of Live Parts 

4709 In addition to the requirements of 1704 
to 1708, fixed interior luminous-discharge-tube devices 
are to have all live metal parts enclosed in a suitable 
earthed case constructed of metal or lined with metal, 
such case being sealed and marked with the word 
“DANGER” on or near the seal. 


Submission of Plans 

4740 Full details of every luminous-discharge- 
tube installation, showing the position of all devices 
in connection therewith, the arrangement of circuits 
and locked switches and details of construction are 
to be submitted for approval. 
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Section 18 


INTERNAL COMMUNICATIONS 


Construction of Transforming Plant 

4801 Motor-generators and static transformers 
used for the reduction of voltage for communication 
circuits, together with their control gear, are to 
comply with the clauses for similar plant employed 
for lighting and power supply. 


Batteries 

4802 Primary and secondary batteries are to be 
readily accessible at all times, and means are to be 
provided to prevent liquid from the cells coming into 
contact with the wooden floor or the structure of 
the ship. Secondary batteries are, in addition, to 
comply with such requirements of M16 as are 
applicable. 


Construction of Apparatus 

4803 Where a communication system derives its 
supply from the lighting and/or power circuits, or 
where the voltage of supply exceeds 55 volts, all 
cables, wires, switches, resistors, distribution fuse- 
boards, accessories, instruments, and other apparatus 
comprising such system, are to be designed, con- 
structed and fitted throughout in all respects in 
accordance with such of the requirements for lighting 
and power circuits as are applicable. 


4804. Where a communication system derives its 
supply from motor-generators, primary or secondary 
batteries, or static transformers, and is entirely elec- 
trically isolated from the lighting and power circuits, 
and the voltage of supply does not exceed 55 volts, 
all switches, resistors, distribution fuse-boards, acces- 
sories, instruments, and other apparatus in connection 
therewith, are to be of robust design and construction, 
and so installed as to ensure an ample margin of 
safety, having regard to the voltage employed. 


4805 All materials and appliances, whether the 
conditions of service are as named in 1803 or 1804, 
are to conform with the remaining requirements of 
these Rules as far as applicable. 


Cables 

4806 Cables used for the purpose of internal 
communication are to be of one or other of the types 
specified in M701 to M705, except that vuleanised- 
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rubber-insulated cables and cables having fire-resisting 
insulation (R.N.N. type) of conductor size 1/-036 in. 
may be used and are to be fitted in a similar manner 
to cables installed for the lighting and power supply 
of the ship, and they are to be kept separate from 
the latter, unless the lighting and power cables and/or 
the communication cables are protected by lead-alloy 
sheathing or sheathing of the H.R. type. 


1807 Communication cables run in wood easing 
are not to be fixed in the same groove as the cables of 
lighting and power circuits. 


Protection of Circuits 


1808 Communication circuits, other than those 
supplied from primary batteries, are to be protected 
on each insulated pole by fuses of a current rating 
suited to the maximum current rating of the circuit 
to be protected. 


Identification 

1809 Communication circuits are to be so 
arranged and terminal boxes so designed, fitted, 
labelled, or otherwise marked to facilitate identifi- 
cation, as to enable fault-testing to be expeditiously 
carried out and the necessary repairs to be made with 
the minimum possible disturbance to other cireuits. 


Alarm and Bell Circuits 


4810 The circuits and apparatus of electric 
alarms are to comply with the requirements of 1803. 


Section 19 


LIGHTNING CONDUCTORS 


General 


4904 Lightning conductors are to be fitted to 
each mast of all wood, composite, and steel ships 
having wooden masts or topmasts. They need not be 
fitted to steel ships having steel masts. 


Construction 


1902 In wood and composite ships fitted with 
wooden masts, the lightning conductors are to be 
composed of continuous copper tape and/or rope, 


EQUIPMENT 


or 
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having a section not less than 0-15 square inch which 
are to be riveted with copper rivets or fastened with 
copper clamps to a suitable copper spike not less than 
0-5 inch in diameter, projecting at least 6 inches above 
the top of the mast. Where tape is used the lower 
end of the tape is to terminate at the point at which 
the shrouds leave the mast, and is to be securely 
clamped to a copper rope of not less than 0-5 inch 
diameter. This copper rope is to be led down the 
shrouds and is to be securely clamped to a copper 
plate not less than 2 square feet in area, fixed well 
below the light waterline and attached to the ship’s 
side in such a manner that it is to be immersed under 
all conditions of heel. 


4903 In wood and composite ships fitted with 
steel masts, each mast is to be connected to a copper 
plate in accordance with 1902, the copper rope being 
securely attached to and in good electrical contact 
with the mast at or above the point at which the 
shrouds leave the mast. 


4904 In steel ships fitted with wooden masts, the 
lightning conductors are to be composed of copper 
tape or rope terminating in a spike, as set forth in 
1902. At the lower end this copper tape or rope is 
to be securely clamped to the nearest metal forming 
part of the hull of the ship. 


4905 Lightning conductors are to be run as 
straight as possible, and sharp bends in the conductors 
are to be avoided. All clamps used are to be of brass 
or copper, preferably of the serrated contact type, and 
efficiently locked. No connection is to be dependent 
on a soldered joint. 


1906 The resistance of the lightning conductor, 
measured between the mast head and the position 
on the earth plate or hull to which the lightning 
conductor is earthed, is not to exceed 0:02 ohms. 


Protection when in Dry Dock 


4907 It is recommended suitable means should 
be provided to enable ships when in dry dock or on 
a slipway to have their lightning conductors connected 
to an efficient earth on shore. All floating docks should 
be provided with appropriate means of earthing the 
lightning conductors of a vessel supported thereon. 
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Section 20 


CONSTANT-CURRENT SERIES SYSTEMS 


Working Voltage 


2004 The working voltage of any constant- 
current series system is not to exceed 650 volts. 


Generators and Motors 


2002 Generators and motors are not to be of the 
open type. : 


2003 Every motor is to be so protected that its 
speed cannot exceed a predetermined safe limit. 


Switchgear 


2004 An automatic device is to be provided with 
every generator to reduce its voltage to zero in the 
event of any open circuit occurring at any part in 
the system. This device is not to be applied to short 
circuit the generators. 


2005 When more than one generator is fitted, 
each such machine is to be provided with a double-pole 
selector switch arranged to connect the generator in 
series with the system or alternatively to isolate 
the generator by short circuiting the machine after 
reducing its voltage to zero, completing the continuity 
of the circuit and disconnecting the machine. 


2006 All distribution switches are to be capable 
of effecting the same operations as the generator 
selector switches (see 2005). 


2007 Every current-consuming device is to be 
provided with a main switch, which is to isolate the 
device from the system without breaking the main 
circuit. 


2008 Every motor is to be provided with a 
by-pass switch which is to automatically short circuit 
the motor terminals when its armature is at rest and 
the controller is at zero speed position. 


Earthing 
2009 No part of the system is to be earthed. 


M 2001- M 2107 


Section 21 


ELECTRO-MAGNETIC COUPLINGS 


General 


2101 In ships in which power for propulsion 
purposes is transmitted either wholly or partially by 
means of electro-magnetic couplings they are to be 
constructed under special survey and tested in the 
presence of the Surveyors. 


Plans 


24102 In order to facilitate the inspection, plans 
in triplicate are to be submitted for consideration 
before the work is commenced. The plans are to 
show the scantlings and construction of the main 
units intended for the transmission of power and 
details of the electrical components, switchgear and 
control gear. 


Rating, Construction and Installation of Couplings 


2103 The relevant requirements of L5 and L6 
are to apply. 


Discharge Protection 

2104 Effective means are to be provided for 
limiting the induced voltage when field circuits are 
opened, in order to protect the field windings and 
associated cables, switchgear and control gear and the 
main busbars. 


Magnetic Air Gaps in Slip-Couplings 

2405 Provisions are to be made to facilitate the 
periodical checking of the magnetic air gap, and 
gauges are to be supplied for this purpose. The 
estimated out-of-balance pull due to eccentricity of 
the air gap is to be stated when submitting the plans 
for consideration. 


Mechanical Protection 


2106 Adequate protection is to be provided to 
prevent the ingress of foreign bodies, particularly of 
magnetic material. 


Magnetic Centre 


2407 The position of magnetic centre of slip- 
couplings is to be predetermined and the couplings 
are to be assembled in the ship in correct position 
so that there is no appreciable axial thrust between 
the two halves of the coupling when in service. 
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Testing 


2108 Unless otherwise approved, every coupling 
is to be tested at the maker’s works in the presence of 
the Surveyors. 


The tests are to include :— 

Temperature tests at such speed or speeds, and 
with torques corresponding with the estimated service 
torques, as may be approved to ensure conformity 
with the prescribed limits of temperature rise. 


An overspeed test for three minutes at a speed 
25 per cent above the maximum service speed. 


Determination of magnetic centre of  slip- 
couplings. 


Insulation resistance. 


High voltage test. 


Section 22 


SUPPRESSION OF RADIO INTERFERENCE 


General 


2204 Where measures are taken to suppress 
interference with radio services components fitted to 
circuits, apparatus, motors or generators employed on 
essential services are to comply with this Section. 


2202 Components other than capacitors are to be 
suitable for use under tropical conditions, salt-laden 
atmospheres and in a cooling air temperature of 
113° F. (45° C.) in machinery spaces and 104° F. 
(40° C.) elsewhere. Where they are fitted in 
machines or appliances they are to be suitable for 
the temperatures which prevail in such apparatus 
under working conditions, whether due to direct 
radiation from the windings, from the heated air, or 
by thermal conduction. 


2203 Capacitors are to be suitable for continuous 
working in surroundings having ambient temperatures 
between —40° F. (—40° C.) and 185° F. (85° C.) 
and in atmospheres of 100 per cent relative humidity. 
The voltage rating of the capacitor is to be not less 
than the normal voltage to which it will be subjected 
in service and is to be such that this voltage causes 
no deterioration in its electrical properties. 
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The terminal insulation is to be such as to have 
long life with continuous use, terminals which do not 
use organic materials being preferred. The creepage 
distance between any two terminals over an exposed 
surface or between any terminal and an exposed 
conducting surface such as the ease of the capacitor, 
if metallic, is to be not less than the following :— 
... (2+ 935) mm. 
.-. (2 + x55) mm. 
Where U is the rated voltage of a D.C. rated capacitor 
or U= Vv 2E in the case of A.C. rated capacitors, E 
being the RMS voltage. Fractions of a millimetre 
are to be counted as one mm. 


Over the surface of insulant 
Across an air gap ... 


Any impregnating or filling compounds are to be 
of a substantially non-polar nature, i.e., are to have 
a dielectric constant not exceeding 3. 

Paper dielectric capacitors are to have at least 
three layers of paper separating the electrodes, each 
layer of a nominal thickness not less than 9 microns, 
and the working stress, defined as the rated voltage 
(or 1-41 times the RMS voltage in the case of A.C.) 
divided by the total nominal thickness of the 
dielectric, is not to exceed 8-5 volts per micron. 

Containers and terminal entries are to be such 
that they remain permanently hermetically sealed and 
are to be corrosion-proof under working conditions. 

The insulation resistance between terminals 
corrected to 20° C. is to be not less than 5,000 
ohmfarads for capacitors of 0-1 microfarads and over 
and not less than 50,000 megohms for capacitors less 
than 0-1 microfarads. (Ohmfarads will be the 
product of the insulation resistance in megohms and 
the capacitance in microfarads.) 

The insulation resistance between terminals and 
adjacent conducting surfaces in metal-cased capacitors 
in which the ease is not electrically connected to an 
electrode is to be not less than 1,000 megohms when 
tested at 500 volts D.C. 

All eapacitors are to withstand without detriment 
the application of a D.C. voltage equal to 6U in the 
case of capacitors for D.C. use or 8-5E for A.C. use 
applied between terminals and also between terminals 
and ease, if of metal, and insulated from the electrodes 
for not less than one nor more than five seconds. 


2204 Where capacitors are fitted to the main 
busbars, main and emergency generators or steering 
gear, fuses of appropriate category are to be con- 
nected in the capacitor circuit. 


M 2108 - M 2204 
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Section 23 


TRIALS 
General 


2301 Before a new installation or alterations or 
additions to an existing installation are put into 
service, the appropriate trials specified in this Section 
are to be made. Such trials are to be in addition to, 
and not in substitution for, the acceptance trials of 
the individual items of plant at the makers’ works. 


Testing Voltage : 


2302 The voltage used for the _ insulation- 
resistance tests referred to in 2304 to 23807 inclusive 
is to be direct-current voltage not less than twice that 
to which the circuits will normally be subject (twice 
the root-mean-square value if the supply is alternating- 
current), provided that it need not exceed 500 volts 
for circuits normally not exceeding 650 volts. 


Insulation Resistance of Completed Installation 

2303 Before a completed installation, or an 
addition to an existing installation, is put into service, 
the insulation resistance to earth of every distribution 
circuit is to be not less in megohms than 50 divided by 
the number of outlets (points and switches) from the 
fixed wiring, except that it need not exceed 1 megohm. 
The test is to be made with all fuse-links in place, all 
switches (except the supply switch) closed, and, 
except with systems having one pole of the supply 
permanently earthed, all lamps in position or both 
poles of the installation otherwise electrically 
connected together. 


2304 When the insulation-resistance of an instal- 
lation or section of an installation is found by a 
500-volt instrument to be below 0:5 megohm, the 
installation is to be so subdivided, for the purposes 
of the test, that the insulation-resistance of each 
section is not less than 0-5 megohm. 


Switchboards, etc. 

2305 Lefore a main switchboard, emergency 
switchboard, or section board, is put into service, the 
insulation resistance is to be not less than 1 megohm, 
when measured between each insulated busbar and 
earth, and between each insulated busbar and the 
busbar connected to the other pole or poles. 

The test is to be made with all circuit-breakers 
and switches in the open position and all fuse-links 
for pilot lamps, earth lamps, voltmeters, ete., removed. 
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Voltage coils and potential transformers normally 
connected to the busbars are to be temporarily 
disconnected while the test between poles is being 
made. 


Heating and Power Appliances 

2306 During the test of any circuit, control 
rheostats and heating and power appliances normally 
connected to the circuit may, if desired, be discon- 
nected; but in that event the insulation resistance 
between the case and/or framework and all live parts 
of every rheostat and appliance is to be not less than 
half a megohm. 


Testing Between Conductors 

2307 Where practicable, the insulation resistance 
is also to be measured between all the conductors 
connected to each pole of the supply and all the 
conductors connected to the other pole or poles or to 
the middle wire or the neutral; and its value is not 
to be less than that specified in 2304. 


Testing Polarity of Fuses and Single-Pole Switches 

2308 Precautions are to be taken to verify that 
no fuse, non-linked switch, or non-linked circuit- 
breaker, has been connected to that pole of a circuit 
which is either earthed or derives its polarity from 
an earthed conductor. 


Testing Earth Continuity 

2309 Where lead-alloy-sheathed cables or 
armoured cables are employed, tests are to be made 
where necessary to verify that all metallic envelopes 
are electrically continuous throughout their length, 
and are earthed as required by M 918. 


2340 Tests shall be made to verify that all earth 
continuity conductors and earthing leads are connected 
to the frames of the fittings and appliances, and to 
the hull of the ship, and that in socket-outlets having 
earthing contact-tubes, the latter are also connected 
to the hull. 


Insulation Resistance of Generators and Motors 
2344 The insulation resistance in megohms of 
every completed generator and motor in normal 
working condition and with all parts in place is not 
to be less than 
3 X Rated Voltage of Machine 
1,000 + Rated Output of Machine in kVA 


All insulation tests are, where possible, to be 
made when the generators and motors are hot. 
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2312 The insulation resistance of generator 
cables, motor cables, field windings, and control gear, 
when isolated and separated for testing purposes, is 
not to be less than 1 megohm. 


Generating Sets, Switchgear and Connections 


2313 It is to be demonstrated that the relevant 
requirements of these Rules have been complied with 
in respect of the following :— 

The satisfactory commutation and performance 
of every generator throughout a run at full rated load. 

The temperatures of all joints and connections, 
fuses, circuit-breakers, and busbars. 

The operation of engine speed governors, 
synchronising devices, over-speed trips, generator 
reverse-current or reverse-power and over-current 
trips, preference trips and other safety devices. 

The voltage regulation of every generator, when 
full rated load is suddenly thrown off by operating 
the cireuit-breaker or main switch (see M 210, M 212 
and M 217). 

The satisfactory operation in parallel, load 
sharing, ete., of all generators capable of being run in 
parallel with a load on the busbars of not less than 
14 times the full load rating of the largest generator. 


Motors 

2314 Every motor (with its control gear) is to 
be run under service conditions for a sufficient length 
of time to demonstrate that its wiring, alignment, size, 
direction of rotation, speed, commutation and tem- 
perature, are satisfactory. 


Apparatus and Voltage Drop 

2345 All lamps, heaters and other appliances are 
to be run, though not necessarily under full load or 
simultaneously. Tests of voltage and operation are 
to be made, if necessary, to verify compliance with 
M 218 and M 617 (voltage drop). 


Section 24 
SPARE GEAR 


2401 For the efficient operation of ships engaged 
in open sea service the articles of spare gear mentioned 
in the following paragraphs, so far as they are 
applicable, should be supplied. Owners should 
arrange to replace or make good used items as oppor- 
tunity occurs. ; 
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2402 Generators—For each size of generator :— 
1 set of carbon brushes for one machine. 
1 set of any special spanners required. 


2403 Motors.—For each size of motor engaged 
on essential services, such as those enumerated 
below :— 

1 set of carbon brushes for one machine. 
1 set of any special spanners required. 


The following are regarded as essential services :— 
Air compressors for heavy oil engines. 
Scavenge blowers. 

Air pumps. 

Ballast pumps. 

Bilge pumps. 

Circulating and cooling water pumps. 
Condenser circulating pumps. 
Extraction pumps. 

Feed water pumps. 

Fire pumps. 

Fuel valve cooling pumps. 
Lubricating oil pumps. 

Oil fuel pumps and oil fuel burning units. 


Cargo refrigerating motors, including com- 
pressors, brine pumps, circulating pump, 
fans, ete. 


Fans for forced draught to boilers. 
Steering gear. 
Windlasses. 


Ventilating fans for engine room and boiler 
rooms. 


2404 Steering Gear.—lor each size of steering 
gear motor and motor-generator, if no standby elec- 
trical machine is installed, the following spare gear is 
required in addition to the spares for motors enumer- 
ated in 2403 unless the alternative means of steering 
is operable from the bridge :— 

1 spare armature of each size fitted, complete 
with shaft and half coupling. 
1 spare field coil of each type fitted. 

Where electric steering gear is fitted and there 
is no standby generator, similar spare gear is also to 
be provided for the generator. 
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S1zES OF ARMOURING WIRE AND THICKNESS OF BEDDING FOR SINGLE-WIRE ARMOURING 


Nominal diameter of cable | Nominal] diameter of Nominal thickness of bedding 
over lead-alloy sheath galvanised steel wire | before the armouring is applied 
Above | Poe Prd pi he | puistad senitin hotletn 

cables insulated cables cables insulated cables 
1 | 2 3 4 5 6 
ine mee a “Ga ae eS 4 nee ee 
—_—- 0-5 0-048 0-064 0-04 0-06 
0-5 0-8 0-064 0-080 0-06 0-06 
0:8 1:05 0-080 0-080 0-1 0-10 
1:05 - 2-0 0-104 0-104 0-1 0-10 
2-0 - 0-128 0-128 | O-1 0-10 
TABLE XVII 
Minimum INSULATION RESISTANCE VALUES FoR 250 VoLT 
AND 660 VoLtT VULCANISED-RUBBER-INSULATED CABLES 
Conductor- Number and | 
—- | diameter (in.) | Insulation resistance 
Nominal of wires (or for 1,000 yards 
cross-sectional equivalent strand at 60° F. (15°6°C.) 
area in flexible cables) 
of I ence. 3 
8q- in. megohms. 
0-001 1/-036 3,000 
0-0015 1/-044 3,000 
0-002 3/-029 2,400 
0-003 3/-036 2,100 
. 0-003 1/-064 2,100 
0-0045 7/029 2,000 
0-007 7/-036 1,800 
0-01 7/-044 1,600 
0-0145 7/-052 1,500 
0-0225 7/-064 1,300 
0-03 19/-044 1,200 
0-04 19/-052 1,100 
0-06 19/-064 1,000 
Oboes 19/083 950 
0-15 37/-072 850 
0-2 37/-083 850 
0-3 37/+1038 800 
O-4 61/-093 | 750 
0-5 61/-103 700 
0-75 91/+108 650 
0-1 | 127/+108 600 | 


Nore.—In cables having fire-resisting rubber-like ‘insulation 
(R.N.N. type) the insulation resistance is to be not less than 20°. 
of the above values (see M 728), 
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TABLE XVIII 


Maximum Spacing oF Cu.ips sEcuRING LeEaD-ALLOY- 
SHEATHED, VULCANISED-RUBBER-SHEATHED (H.R. TYPE), 
oR ARMOURED CABLES 


Lead-alloy- 


Overall diameter of cable sheeshek nebles a li 
H.R. type cables 

1 2 3 

inches inches 

Under 0°3 inch 8 10 
0-3 inch and under 

0-5 inch 10 12 
0-5 inch and under 

0°75 inch ... 12 14 
, 0°75 inch and under 

1°25 inches 14 16 

1:25 inches and above 16 18 

TABLE XIX 


Maximum Spacines oF CLIPS SECURING MINERAL-INSULATED 
CopPpEeR-SHEATHED CABLES 


Overall diameter of cable Clip spacing in inches 


| Horizontal Vertical 

| Under 0:3 inch re ae 12 16 | 

| 0°83 inch and under 0-5 inch | 15 20 
05 inch and under 1:0 inch | 18 24 
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TABLE XX 


APPROXIMATE CURRENT RaTING OF FUSE-ELEMENTS COM- 
POSED OF TINNED CoppER WIRE oR STANDARD ALLOY* 
WIRE IN SEMI-ENCLOSED FUSES 


Tinned copper wire Standard alloy* wire 


Current 
rating ¥ 
Diameter SWG | Diameter SWG 
1 H 2 3 eee 5 
umps. in. in. 

1-8 > a 0-0164 ah 
3-0 0-006 38 0-0240 23 
5-0 0-0084 SD 0-0320 21 
8-5 0-0124 30 — = 
10-0 0-0136 29 = ae 
15-0 0-020 PAD = es 
17-0 0-022 24 <= ed 
20-0 0-024 23 —= =. 
24-0 0-028 22 = = 
30-0 0-082 21 — — 
37-0 0-040 19 — 4 
46-0 0-048 18 = — 
53-0 0-048 18 — Sa 
60-0 0-056 | 1 — — 
64-0 0-056 17 = — 
83-0 0-072 15 — — 
100-0 0-080 14 = : — 


Nore.—tThe current ratings given refer to the normal maximum 
current of the circuit and do not refer to the overload at which 
the fuse will operate. 


The values of the currents given are approximately those 
necessary to comply with Appendix 5 applied to the above 
fuse-elements used in semi-enclosed fuses. Where fuses are known 
to conform to this Appendix the size stated by the manufacturer 
on the case of the fuse should be adhered to in preference to that 
given in this Table if the fuse is loaded to its full capacity. 


* The term ‘standard alloy ” refers to the eutectic tin-lead alloy 
(63 per cent tin, 37 per cent lead). 
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TABLE XxXl 


STanDARD S1zES OF DiRECT CURRENT AND ALTERNATING CURRENT 
(3-PHASE) MoTorS WITH CORRESPONDING APPROXIMATE FuLt-Loap 
CURRENTS 


(See M 611 and M 1325) 


Direct-Current Three-Phase Alternating-Current 
i Full-Load Current Full-Load Current 
Output ae Et < 7 
of 
motor 
110 Volts 220 Volts 230 Volts 415 Volts 
Le 2 3 oie : Sea 
h.p. amps, amps. amps, amps, 
0-25 3-2 1:6 — _ 
0-5 57 2-8 2-5 1-2 
1-0 10 5-0 3°8 — 1:9 
2-0 18 9-0 6-7 3-4 
3-0 26 13 9-5 4:8 
4-0 35 17 12 6-4 
5:0 42 yal 15 7:9 
7-5 61 30 22 11-5 
10 80 40 29 14:5 
12-5 100 50. 35 17 
15 117 59 “42 21 
20 155 ae 55 28 
rh 190 95 67 35 
30 227 114 T7 41 
35 264 132 89 48 
40 300 150 101 55 
45. 840 170 113 62 
50 375 187 125 69 
60 450 225 150 83 
70 520 260 175 96 
80 595 298 200 110 
90 665 333 224 124 
100 740 370 244 136 
125 924 462 298 168 
150 — 550 352 200 
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TABLE XXIil 


CaLcuLaTion OF MaximuM CURRENT WHICH WILL NORMALLY FLOW IN AN INSTALLATION 
TO A Group oF CARGO-WINCHES OR CRANES (FOR USE IN COMPUTING THE SIZES OF CABLES, 
SWITCHGEAR, ETC.) (See M615) 


Number of winch motors 


or crane motors sapplied | Current to be provided for 
by the circuit 
: 2 : 
Two 100% F.L. of the larger motor 


+ 80% F.L. of the 2nd motor or 
65% of the combined F.L. if the motors are of equal size 


Three 100% FL. of the largest motor 
+ 25% F.L. of each of the remaining motors, or 
50% of the combined F.L. if the motors are of equal size 


Four 100% F.L. of the largest motor 
+ 20% F.L. of each of the remaining motors, or 
40% of the combined F.L. if the motors are of equal size 


; 7 
Five | 100% F.L. of the largest motor 
+ 20% F.L. of each of the remaining motors, or | 
| 36% of the combined F.L. if the motors are of equal size 

Six or more | 33% of the combined F.L. of the motors 


Note.—tThe letters F.L, refer to the full-load current of the motor at its maximum 
horse-power rating. 


TABLE XxXill 


TEMPERATURE LIMITS FOR COILS 


Chapter M 


Maximum temperature rise (See M 347 and M 1312) 


Insulating material 


(See appendix 2.) Continuously rated i Intermittently rated Series coils 
shunt coils | shunt coils 
1 2 3 | 4. 
oF °C. °F | °C, | + | °C, 
| | 
Class O 72 40 | 8l | 45 99 | 55 
Class A | | 
(i) Cotton, silk, paper and similar materials 
when impregnated; also enamel when 
associated with such materials ae 90 50 99 55 117 65 
| (ii) Enamelled wire not in association | 
with such materials... rer = 126 70 135 75 153 85 
| 
—_-— _ —_—_— 
Class B and bare coils 180 100 189 105 207 115 
Class D 126 70 =| 185 | 1 8=| «(163 85 
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TABLE XXIV 


Limits oF MaximuM PERMISSIBLE TEMPERATURE RISE FOR GENERATORS AND MOTORS OTHER THAN PROPULSION 
MACHINES INTENDED FOR MACHINERY SPACES IN OCEAN-GOING SHIPS AND SHIPS OPERATING IN TROPICAL WATERS 


Temperature rise { 


Totally enclosed 


Machines other than totally enclosed Pah nea 


F : | Class A | Class B 
Class A material Class B material pata ay Peobaet 


Part of machine 


By By By By By By 
thermometer, resistance | thermometer, resistance | thermometer|thermometer 


1. Alternating current windings of stators 68° F. 72° F. s1°F. 108° F. 81°F. 108° F. 


or rotors. 4.0 ss ees wee], (85°C. | (40°C) | (45°C) | 60°C.) | (45°C.) | (60°C.) 
2. Field windings stationary or rotating) . 63° F. 81° Ft 81°F. 99° F.t 81°F. 108° F. 
(other than 8, 4 and 5 below) sae (852C.) (45° C.) (45°C.) (55° ©.) | (45°C.) | (60°C.) 
8. Exciter field windings... nde Be fie toon ie ce Slee - | SL" 108° F. 
(35° C.) (45° C.) | | (45°C.) | (60°C.) 
| 
4. Low resistance field windings of more) 72° F. i 90°F. s 
than one layer or compensating) (40° C.) (50° C.) 
windings ies cf a | 
5. Single - layer field windings with 81° F. 81°F. 108° F. | 108°F. | 81°F. 144° F. 
exposed surface ie wae) (405.0) (45° C.) (60° C.) (60° C.) (45°C.) | (80°C.) 
6. Short-cireuited windings insulated ...) 81° F. : 108° F. | : 
(45° C.) (60° C.) 
: | 
7. Windings of armatures having com- 63° F. uf Bie * Siok 108° F. 
mutators soc me ...| (85° C.) (45° C.) | | (45°C.) | (60°C.) 
8. Commutators ... Po as so 72° F. (40° C.) 90° F. (50° C.) 
9. Slip rings (open) a are a 72° F. (40° C.) 


10. Slip rings (enclosed)... 0 «s+ 90° F. (50° C.) 90° F. (50° C.) 


11. Uninsulated parts, including cores not; The temperature rise is in no case to reach such a value that there is 
in contact with insulated windings ... risk of injury to any insulating material on adjacent parts. 


* This method of measurement is not recognised in these cases. 
+t This method is not recognised in the case of direct-current machines. 
{ Based on a temperature of cooling air not exceeding 113° F. (45° C.). See M 207 and M 1205. 
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| Temperature rise { 
Machines other than totally enclosed | age oily cangene 
Part of machine ae a re ed | wea 
Class A material Class B material | baoradt ar ee bf 
| By By By By By By 
‘thermometer | resistance |thermometer| resistance |thermometer| thermometer 
1. Alternating current w panes of stators 12°F. 81° F. 90° F. ii ly a8 Op 90° F. 117° F. 
or rotors Rs: e see C:) (45° C.) (50° C.) (65° C.) (50° C.) (65° C.) 
2. Field windings stationary or rotating | 72° F. 90° F.t 90° F. 108° F.t 90° F. 117° F. 
(other than 8, 4 and 5 below) aoe) lie (SOs) (50° C.) (50° C.) (60° C.) (50° C.) (65° C.) 
3. Exciter field windings... a ay. a2: 8. . 90° F. * SOSH: 1) skis 
(40° C.) (50° C.) (50°C.) | (65°C.) 
| 4. Low resistance field windings of more | 81°F. 4 99° F. : 
than one layer or compensating | (45° C.) (55° C.) 
| windings One fhe as 
_ 5. Single-layer field animes with a ospened 90° F. 90° F. 117° F. Lay. 90° F. 153° F. | 
surface ” (50°C.) | (50°C.) | (65°C.) | (65°C.) | (60°C.) | (85°C) 
6. Short-circuited windings insulated... 90°F. F 10 Wien OF 4 
| (50° C.) (65° C.) 
7. Windings of armatures having com- | 72° F. | ° 90° F. . 90° F. NES 
mutators Se wae te |) ACUI | (50° C.) (50° C.) (65° C.) 
| 8. Commutators ... a ee es 81° F. (45° C.) 99° F. (55° C.) 
| 9. Slip rings (open) i We tee 81° F. (45° C.) 
10. Slip rings (enclosed) ... ee ts QO°°H. (50° GC.) | 99° F. (55° C.) 
| wil | 
\11. Uninsulated parts, including cores not | The temperature rise is in no case to reach such a value that there is 
| : . . | I 
in contact with insulated windings ... | risk of injury to any insulating material on adjacent parts. 
| 
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TABLE XXV 


Limits oF MaxiMUM PERMISSIBLE TEMPERATURE RISE FOR GENERATORS AND MOoTORS, OTHER THAN 
PROPULSION MACHINES 


(a) Not situated in the machinery spaces of ocean-going ships or of ships operating in tropical waters. 
(b) Pipe-ventilated or water-cooled (see M 203 to M205 and M1201 to M 1203). 
(c) For coasters, ferries and harbour craft operating solely outside the tropical belt. 


* This method of measurement is not recognised in these cases. 
+ This method is not recognised in the case of direct-current machines. 
t Based on a temperature of cooling air not exceeding 104° F. (40° C.). See M207 and M1205. 
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TABLE XXVI 


DimMENSIonS OF 250 Voit MINERAL-INSULATED COPPER-SHEATHED CABLES 


Conductor | Resistance per 1,000 yds. Nominal thickness of | Nominal diameter over sheath 
at 60° F. insulation 
it Nominal | Nominal | Maximum al ol ata: eall’ ea 
cross-sectional | diameter | Nomina) | allowable Single-core multi-core Single-Core Twin-core Three-Core 
| | | 
ce | 7: i Sif. Nee nee ee ale eee Oe Go |e e-9- Fee abe eB | 9 | 
| | ] | | | | 
| og in. | in. |. ohms ohms in. in. in. in. in, 
| | | 
00015 0-044 | 16-0 17:0 0-034 | 0-036 0-161 0-238 0-257 
' 0-002 0-051 | - 120 12-72 0-036 | 0-04 0-169 0-272 0-290 
0003 = s(0062—i (a 8 85 0-088 en ee os = 
| | 
| 0-005 0076. «533 « 65 0-039 — 0-196 ie 
| 0-007 = =—s(0-094 $43 3640041 ai O:28 ocibcin is? teediolees ve | 
| | | | | 


Notr.—The nominal diameters over sheath correspond to British Standard drill sizes for clearance holes and the cable will generally 
be between 0°002 in. and 0°006 in. less than the figures given so that it will be a good fit in glands, etc., drilled to these sizes. 
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TABLE XXVII 


Dimensions oF 660 Voit MINERAL-INSULATED COPPER-SHEATHED CABLES 


Chapter M 


Resistance per 


Conductor 1,000 yds. at 60°F. | 
— Nominal 
Nominal epee r | thickness of 
cross - sectional Laan Nominal mee | insulation 
area | 
1 | 2 3 - | os BOL 
sq. in. in. ohms ohms in. 
0-0015 0-044 16 17 0-06 
0-002 0-051 12 12-72 0-06 
0-003 0-062 8 8-5 0-06 
0-0045 0-076 5:33 5-65 0-06 
0-007 0-094 3°43 B64 0-06 
0-01 0-113 2-4 2-54 0-06 
0-0145 0-136 1-66 1-76 0-06 
0-0225 0-169 1-07 | 1-13 0-06 
0-08 0-196 0-8 0:85 0-06 
0-04 0-226 0-6 0-64 0-06 
0-06 0-276 O-4 0-42 0-06 
0-1 0-356 0-24 0-255 0-06 
0-15 0-436 0-16 0-17 0-06 
0-2 0-506 0-12 0-127 0-06 


Nominal diameter over sheath 


Single-core 
6 


in. 
0-218 
0-228 
0-238 
0-250 


0-272 
0-290 
0-323 


0-349 
0-386 
0-422 


0-484 
0-578 
0-672 
0-75 


‘T'win-core 


Three-core 


Norge.—The nominal diameters over sheath correspond to British Standard drill sizes or clearance holes and the cable 


will generally be between 0-002 in. and 0-006 in. less than the figures given so that it will be a good fit in 


glands, etc., drilled to these sizes. 
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TABLE XXVIII 


CuRRENT RatTiInGs FoR MINERAL-INSULATED COPPER-SHEATHED CABLES 


+ The “length of run”’ is the point-to-point distance measure 


cables 


Chap. M, Tables XXVIII-XXIX 


*The current ratings are subject to the maximum permissible voltage drop not being 
exceeded. 
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Conductor Single-core Cables Twin-core Cables 3-or 4-core Cables 
: . Aeasinont 
A ti A t 
ice eee ary oer 
: C t runt for 0 t runt for C t eeolKa 
rectional rath ae et th cae rating* with pach rating* for balan oe 
Moror DO. Koror DO. | A.0. current 
1 2 3 4 5 6 bs 7 
sq. in. amps. feet amps. feet amps. feet 
0°0015 5 17 5 ity 5 20 
0°002 10 11 10 ll 10 13 
0°003 15 11 15 11 15 13 
0°0045 20 12 20 12 20 14 
0°007 55 7 45 8 35 13 
0°01 70 8 55 10 45 14 
0°0145 90 g 70 | 11 55 16 
| 
0°0225 110 ll 85 14 70 20 
0°03 130 12% ix 100 16 85 22 
0°04 150 14° ~~ os = _ 
0°06 200 15 _— - a: u, 
O1 260 19 — — — 7 
O15 330 22 — — — —_ 
02 400 22 — = = fe 


d along the route taken by the 


SHIPPING 


TABLE XXIX 


MISCELLANEOUS RUBBER-INSULATED CABLES 


Calculated diameter under lead sheath 


0°290 


| 0865 


O455 
0°660 


0780 


1110 


| 


up to and including 


2 

in, 
0-290 
07365 


0°455 


0°660 
0°780 


1110 


THICKNESS OF LEAD SHEATH 


Radial thickness 


of sheath 


NOTE.—This table applies only to miscellaneous cables not 


included in any table of 


imensions in these rules. 


ELECTRICAL 


APPENDIX 1 
BUSBARS AND CONNECTIONS 


1. Material— The copper used is to have a 
conductivity for annealed copper not less than 99-25 
per cent, and for medium hard and hard copper not 
less than 95 per cent of the International Standard 
for standard annealed copper. 


2. Joints—All joints between copper conductors 
are to be made after dip-tinning or coating with 
petroleum jelly, or have equally effective treatment 
for preventing deterioration of the joint. 

All joints, whether soldered or not, are to have 
the parts mechanically secured together. 


3. Limits of Temperature Rise.— The following 
temperature limitations, measured by thermometer or 
thermocouple, are to apply to bare conductors in 
contact with air, when carrying their full rated 
current. 

(a) Conductors rated 2,000 amps. and below, 
maximum temperature 158° F. (70° C.). 
Maximum temperature rise 72° F. (40° C.). 

(b) Conductors rated above 2,000 amps., 
maximum temperature 176° F. (80° C.). 
Maximum temperature rise 90° F. (50° C.). 


4. Thermal Expansion.—Where necessary, provi- 
sion is to be made to allow for expansion and 
contraction due to temperature variations. 


5. Clearance Distances.—The clearance distances 
specified below apply only to busbars having no 
insulating covering other than the surrounding air, 
compound or oil. 


Minimum Clearance 


Max. Rated Voltage 
between Phases 


between Phases Minimum Clearance | 


| or Poles to Earth or Poles 
| Gatoee pee ; inom |— In Oil 
| In Air | orCom- In Air | or Com- 
| pound | pound 
? ad ~~ inches inches inches ~~ inches 
660 5 = 3 = 
2,200 14 — 14 ne 
3,300 2 | 4 2 3 
6,600 24 3 3h 1 


Important Note.—The above figures do not apply to creepage 
distance along the surface of insulators or of insulating bases. 


6. Mechanical Strength.—The busbars and con- 
nections are to be so proportioned and supported as 
to be capable of safely withstanding the maximum 
mechanical stresses to which they may be subjected by 
the initial value of the short circuit current. 
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APPENDIX 2 
INSULATING MATERIALS 
1. Classification of Materials 


(a) For the purpose of these Rules the following 
International designations will apply. 


Class O. Cotton, silk, paper and similar organic 
materials when neither impregnated nor immersed 
in oil. 

Class A. Cotton, silk, paper and similar organic 
materials when impregnated or immersed in oil, also 
the substance known as enamel applied to enamelled 
wire. 


Nore.—Impregnated cotton, paper or silk (also 
compound treated insulation).—An insulation is 
considered to be impregnated when a_ suitable 
substance replaces the air between its fibres, even if 
this substance does not completely fill the spaces 
between the insulated conductors. The impregnating 
substance, in order to be considered suitable, must 
have good insulating properties, must entirely cover 
the fibres and render them adherent to each other and 
to the conductor, must not produce interstices within 
itself as a consequence of evaporation of the solvent or 
through any other cause, must not flow at the tem- 
perature limit specified, must not unduly deteriorate 
under prolonged action of heat. 


Class B. Mica and asbestos and similar inorganie 
materials in built up form combined with binding 
cement. If Class A material is used in small quantities 
for structural purposes only, in conjunction with 
Class B insulation, the combined materials may be 
considered as Class B, provided the electrical and 
mechanical properties of the insulated winding are 
not impaired by the application of the temperature 
permitted for Class B material. (The word “impair” 
is here used in the sense of causing any change which 
could disqualify the insulating material for continuous 
service.) 


Class C. Mica, without binding cement, porcelain, 
glass, quartz and other similar materials. 


Class D. 
impregnation. 


Coils insulated with synthetic resin 


(b) INSULATION MADE UP OF DIFFERENT MATERIALS. 
When the insulation is made up of different materials 
(except in those eases defined under Class B) the 
temperature rise attained by each material is not to 
exceed the limit permitted for that material. 
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Examples 


(i) When the different insulating materials are 
used on various parts of one winding (for instance, in 
the slot and for the end windings) the limit of 
temperature rise applicable to any part of the winding 
is that set for the insulation used on the part. 


(ii) When the insulation on any part consists of 
superposed layers of insulating materials falling in 
different classes (for instance, superposed layers of 
Class A and Class B material) the two following cases 
arise. : 


If it is possible-to measure the temperatures 
attained by the various layers, each of the materials 
is entitled to the temperature rise which is assigned 
to it. 


If it is not possible to measure the temperatures 
attained by the various layers, the temperature rise 
applicable to the part of the winding under con- 
sideration is to be taken as that for the insulating 
material with the lowest limit. 


2. Synthetic Insulating Boards, Tubes, etc., used 
for terminal boards and for mounting the live 
metal parts of switchgear and control gear.—Material 
used for insulation slabs for switchboards, section 
boards, distribution fuse boards, terminal boards 
of apparatus and machines and similar applications 
is to be suitable for the purpose intended and 
is to be submitted for approval. Results of tests 
indicating the suitability of the material are to 
be submitted, the nature of which will depend on 
the application proposed. The materials are to be 
of first-class quality and, where relevant approved 
National Standards exist, they are to comply with 
such standards, In general the tests should indicate 
the properties of the materials in relation to the 
following :— i 


(a) INSULATION PROPERTIES — 
(i) Surface insulation resistance 
(ii) Surface breakdown 
(iii) Dielectric strength 
These tests should preferably be carried out in an 
atmosphere of controlled temperature and humidity 


and, in certain cases, after immersing the sample in 
water. 


(b) WateR ABSORPTION 
(c) MecuanicaL PRopEerTIEs 
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Heat RESISTANCE 


(i) Mechanical strength when heated within 
the limits of the working temperatures. 


(d) 


(ii) Softening or tendency to flow or warp 
under combined heat and mechanical stress. 


(e) INFLAMMABILITY.—Self - extinguishing, non- 
inflammable or non-ignitable properties when heated 
by a Bunsen flame. 


APPENDIX 3 


MOTORS AND GENERATORS FOR POWER AND 

LIGHTING SERVICES AND EXCITERS, BALANCERS 

AND BOOSTERS IN CONJUNCTION WITH ELECTRICAL 
PROPELLING MACHINERY 


1. Overloads in Current and Torque.—Generators 
and motors are to be capable of carrying without 
injury, the following overloads in current and torque 
respectively after having attained the temperature 
rise corresponding to their rated load, the voltage 
and frequency being maintained at their rated values. 
Sustained overloads are not recognised for the 
following types of machines :— 


(a) Totally enclosed. 
(b) Short time rated. 


Morors with continuous rating are to withstand 
the following overloads in torque. 


(i) Sustained overloads :— 


Sizes 10 b.h.p. and 

upwards per 1,000 

rpm ... 20 per cent for two hours. 
Sizes 4 b.h.p. up to 
10 b.h.p. per 1,000 
1g Oe ... 25percent for one half-hour. 


Sizes below 4 b.h.p. 

per 1,000 rpm_... 25 per cent for 15 minutes. 
(ii) Momentary overloads :— 
All sizes ... ... 50 per cent for one minute. 


D.C. motors up to 
150 b.h.p. per 1,000 
rpm ... 100 per cent for 15 seconds. 


A.C. motors, all sizes 100 per cent for 15 seconds. 
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GENERATORS with continuous rating are to with- 


stand the following overloads in current. 


(i) Sustained overloads :— 
Sizes 74 kW or kVA 

and upwards per 

1,000 rpm ... 25 per cent for two hours. 
Sizes 3 to 74 kW or 

kVA per 1,000 rpm 25 per cent for one half-hour. 
Sizes below 3 kW or 

kVA per 1,000 rpm 25 per cent for 15 minutes. 
(ii) Momentary overloads :— 
All sizes ... ... 50 per cent for one minute. 
Nore.—The b.h.p. or KVA per 1,000 rpm = 


Rated b.h.p, or kVA (or kW if D.C.) x 1000 
Rated Speed. — ; 


2. Method of Temperature Measurement.—The 
method to be used in any particular case is stated in 
the following sub-paragraphs (a), (b) and (c). 


(a) Empeppep TemMpEeRATURE Detectors (E.T.D.). 
This method is to be employed for the slot position of 
stator windings of the following types of machine :— 

(i) Machines having a rated output of 5,000 
kVA or more. 

(ii) Machines having an axial core length of 
one metre or over. 


(b) TuerMometeR Meruop. Mercury or alcohol 
bulb thermometers are to be employed, the latter being 
used where the magnetic field in the vicinity of the 
thermometers alternates or rotates. The temperatures 
are to be measured by thermometers applied to the 
hottest accessible surfaces of the stationary parts of 
the machine during the test period and other thermo- 
meters to the accessible surfaces of the rotating parts 
as soon as the machine is stopped after the test. The 
bulb of the thermometer, except at the point of contact, 
is to be covered with a pad of felt, cotton wool or 
other non-conducting material 4 inch thick, extending 
at least } inch in every other direction from the bulb 
and pressed into contact to prevent the loss of heat by 
radiation and convection from the bulb. 


(c) Resistance Mernop. The measurement of 
temperature rise by increase of resistance is applicable 
to all field windings (except stationary low resistance 
field windings and exciter field windings) and to stator 
windings not requiring the use of E.T.D. It is not 
to be used for the alternating current windings of 
machines requiring more than 5 minutes to come to 
rest. Resistance measurements are to be made before 
and at the conclusion of the temperature test. 
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(d) TEMPERATURE OF Cootine Arr.—The tempera” 
ture of the cooling air for open type machines is to 
be measured by means of several thermometers at 
different points around and half way up the machine 
situated at distances of three to six feet away from it. 

3. Duration of Temperature Test.—The tempera- 
ture test for a machine having a continuous rating 
is to be of such duration that sufficient evidence is 
available to show that the temperature rise would not 
exceed the permissible limits were the test prolonged 
until a final steady temperature was reached. It is 
in no ease necessary to prolong the test after a steady 
temperature rise has been reached. The duration of 
the temperature test for a machine having a short 
time rating is to be the time required for the rating. 

4, Temperature for a Machine having more than 
one Rating.—When a machine has more than one 
rating, the temperature test is to be carried out at that 
rating which produces the greatest temperature rise. 
In eases where this cannot be determined beforehand, 
the machine is to be tested separately under each of 
its ratings. 

5. Commutation—A D.C. machine is to work 
with fixed brush setting from no load to the momentary 
excess current or torque specified and is to work 
sparklessly and without injury to the commutator or 
brushes from no load to the rated load and without 
injurious sparking or injury to the commutator or 
brushes np to the momentary excess current or torque 
specified. The commutation test is to be applied at 
the conclusion of the temperature test. 

6. Regulation—The voltage regulation tests on 
generators and speed/load characteristics of motors 
are to be carried out at the conelusion of the 
temperature tests. 


7. High Voltage (Dielectric) Tests.—The high 
voltage tests, in accordance with Table A overleaf, 
are to be applied only to new and completed machines 
in normal working condition with all parts in 
place, at the makers’ works, preferably at the 
conclusion of the temperature test. It is to be 
applied between the terminals and the frame with 
the core connected to the windings not under test. 
The test is to be made with alternating voltage of 
any convenient frequency between 25 and 100 eveles 
per second, of approximately sine-wave form. The 
test is to be commenced at a voltage of about one-third 
the test voltage and is to be increased to the full test 
voltage as rapidly as is consistent with its value being 
indicated by the measuring instrument. The full test 
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voltage is then to be maintained for one minute and 
then reduced to one-third of its full value before 
switching off. 

TaBLE A 


Hieu Voutace TEsts 


ITFM MACHINE OR PART TEST VOLTAGE 


l Machines under 3 b.h.p./kW, | 1,000 V + twice the rated 


kVA per 1000 rpm. voltage. 


2 | Machines 3 b.h.p. | kW! | 1,000 V +twicethe rated vol-| 


kVA and above per 1000 
rpm. 

Field windings for syn- 
chronous generators when 


tage—minimum 2000 V 


10 times the excitation vol- 
. tage—minimum 2,000 V, 


the excitation voltage 
does not exceed 750 V 

4 | Field windings for syn- 
chronous motors : 

(a) when intended to be | 10 times the excitation vol- 
started up with the field tage—minimum 2,000 V, 
windings short-circuited maximum 3,500 V 
or connected across the 
exciter armature. 

(6) when intended to be | 5,000 V 
started up with the field 
windings separated by a 
field dividing switch. _ : 

(c) when intended to be | 5,000 V when the excitation 
started up with the fields | voltage is less than 275 V, 
on open circuit and! 8,000 V when the excitation 
without a field-dividing voltage is equal to or exceeds 
| switch. 275 V 
5 Field windings for syn-| As for 4(a). 

_-chronous motors when in- - 
tended to be started up 
with A.C, windings idle. 
6 | Exciter at tts ... | Not less than that applied to 
| the field windings of the 
| machine to which it is 
connected, except when 
used with a synchronous 
’ machine intended to be 
started up from the alter- 
nating current side, in| 
which case the test will be 
as given in Item 4 (a). 
7 | Secondary (rotor) windings | For non-reversing motors :— | 
of induction motors 1,000 V + twice the maxi- | 
not permanently short- mum voltage induced be- 
circuited. tween slip rings. 
For reversing motors :— 
| 1,000 V + four times the 
maximum voltage induced 
} between the slip rings at 
standstill with full primary | 
| |. voltage applied to stator | 
| windings. 


maximum 3,500 V 


8. Supplementary High Voltage (Dielectric) Tests. 
—When for any reason it is desired to make addi- 
tional high voltage tests on a machine which has 
already passed its tests in accordance with paragraph 7 
and when installed on site such additional high 
voltage tests are to be made in accordance with the 
requirements of paragraph 7, except that the voltage 
is to be 75 per cent of that specified above. Before 
the high voltage test is applied, the windings are to 
be cleaned and, if necessary, dried out. 
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9. Insulation Resistance.—The insulation resist- 
ance in megohms when the high voltage test is applied 
is not to be less than :— 

3 X rated volts 
1,000 + rated output in kVA or b.h.p. 
The insulation resistance is to be measured with 


a D.C. voltage of about 500, preferably at the con- 
clusion of the temperature test of the machine. 


10. Abbreviated Tests—In the case of duplicate 
machines up to 50 kW b.h.p. per 1,000 rpm type tests 
of temperature rise, excess current and torque and 
commutation taken on a machine identical in rating 
and in all other essential details may be accepted in 
conjunction with abbreviated tests on each machine. 
For the abbreviated tests each machine is to be run 
and is to be found electrically and mechanically sound 
and in working order in all particulars, and is to 
have a high voltage. (dielectric) test and insulation 
resistance test. 


11. Motors intended for coupling to fans for the 
circulation of air in refrigerated cargo spaces are to 
be tested in accordance with the following :— 

The Surveyor will witness a type test on the 
first motor of each size and type and works test 
certificates are to be supplied for the remainder. 
This type test may also be accepted for repeat orders 
of motors identical in all essential respects provided 
cross references are given in the works test 
certificates. Type tests need not be carried out for 
motors of the same frame size as one previously tested 
for higher output. 

Where motors are mounted in the air stream but 
are tested under still air conditions, generally two 
conditions may arise. 

(i) The motor may be open at one or both ends 
when tested but totally enclosed when mounted 
in the air stream. In such cases a type test 
should be carried out under working conditions, 
ie., in the trunking with the fan and fairings in 
place, or, alternatively, calculations furnished 
to verify that the Rules for temperature rise 
are complied with. 

(ii) The motor may be totally enclosed but with 
streamlined fairings. These may be accepted if, 
when tested in still air, the temperature rises 
are within the requirements of the Rules for 
totally enclosed motors, but if they are outside 
these requirements the procedure in (i) above 
will be followed. 
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12, Water-cooled Machines.—For water-cooled 
machines the temperature rise is to be measured in 
relation to the temperature of the cooling water, 
measured at the inlet. 


APPENDIX 4 
MAIN ALTERNATORS, MOTORS AND DIRECT- 
CURRENT GENERATORS FOR ELECTRIC PROPULSION 
PURPOSES (Continuous Maximum Rating) 


1. General.—Generators and motors for electric 
propulsion purposes are to conform in all respects to 
the requirements of Appendix 3, except as modified 
hereunder. 


2. Rating—The continuous maximum rating is 
the load which ean be carried on test for an unlimited 
period without exceeding the specified limits of 
temperature rise. 


TaBLE B 
Limits oF PERMISSIBLE TEMPERATURE RISE 


Ciass A 

MATERIAL Ciass B MATERIAL 
a Part OF MACHINE By By By By | By E.T.D. 
- thermo-| resist- | thermo-| resist- | (a) (b) 


meter | ance | meter ance | (see note 
method! method method method | belo w) 
1 2 3 4 | 5 


1 A.C. windings of 81°F. | 90°F. | 99°F. 


26°F. | 126°F. | 108°F. 


1 
stators or rotors. (45°C.) (50°C.)| (55°C.) | (70°C.) | (70°C.) | (60°C.) 
1 


2 Field windings (other % 90°F, * 26°F. be 4 
than 3, 4 & 5). (50°C.) (70°C.) 

3 Low resistance field 90°F. id 108°F. 3s * . 
windings of more (50°C.) (60°C.) 


than one layer, or 
compensating 
windings. 


4 Single layer field) 99°F. | 99°F. | 135°F. | 135°F. ad os 
windings with ex- (55°C.) | (55°C.) | (75°C.) | (75°C.) 
posed bare copper 


surface. 

5 Rotating field wind- ° 90°F. * 144°F, ¥ bd 
ings of high speed (50°C.) (80°C.) 
turbine driven 
alternators. 

6 Short circuit wind- 99°F. * 135°F. . “ z: 
ings insulated. 1 (55°C.) (75°C.) 

7 Windings of arma- 81°F. * 99°R. 4 bd ° 
tures having com- (45°C.) (55°C.) 


mutators. 


8 Shortcircuited wind- 


T ne m ris Pe 2 is 
ings un-insulated. | The temperature rise of these parts is 


in no case to reach such a value that 
there is a risk of injury to any insu- 
lating or other material on adjacent 
parts. 


9 Tron core and other 
parts not in _con- | 
tact with windings. 


10 Iron core and other The same limits of temperature rise as per- 
parts in contact mitted for adjacent parts as given in Cols. 1 
with windings. and 3 (or 2 and 4 in the case of Item 2). 


1] Commutators 81°F. (45° C.). 
Slip rings (open)... | 81° F. (45° C.). 
Sliprings (enclosed) 90° F. (50° C.). 
(a) Between coils in one slot. 
(b) Between outside of coil and bottom of slot. 
* This method of measurement is not recognised in these cases. 
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8. Limits of Temperature Rise.—The limits of 
temperature rise given in Table B apply only to 
machines for electric propulsion purposes, having a 
maximum continuous rating, provided no sustained 
overloads are thrown upon it under normal service 
conditions. 


4. Excess Current and Torque.—(a) Generators 
are to be capable of withstanding on test for 15 
seconds a current in amperes 50 per cent in excess of 
their rated current, the voltage being maintained as 
near the rated output as possible consistent with the 
maximum capacity of the prime mover. The exact 
value of the voltage is not important. 


(b) Direct current motors are to be capable of 
withstanding on test for 15 seconds a torque 50 per 
cent in excess of that corresponding to their rating, 
the voltage being maintained at rated value. 


(c) Synchronous motors are to be capable of 
withstanding for 15 seconds without dropping out of 
synchronism a torque 50 per cent in excess of the 
torque corresponding to their rating, the voltage and 
frequency of the A.C. system with which they are 
synchronised being maintained at their rated values 
and the excitation of the motor being maintained at 
the value required to meet the specified conditions at 
rated load. 

(d) Induction motors are to be capable of with- 
standing for 15 seconds without stalling a torque 50 
per cent in excess of the torque corresponding to their 
rating, the voltage and frequency being maintained 
at their rated values. 


5. Short Circuit Test on Alternators.—Alternators 
are to be capable of withstanding a momentary short 
circuit at the terminals of the machine applied when 
generating normal full rated voltage. 


6. Tests—All machines are to be tested at the 
manufacturers’ works in the presence of the Surveyors. 
Where the machines are too large to carry out a 
temperature test at full load, proposals for equivalent 
tests are to be submitted for consideration. The high 
voltage and insulation tests and methods of tempera- 
ture measurement are to be in accordance with 
Appendix 3. 


Exciters and machines connected therewith, 
irrespective of rating, are also to be tested in the 
presence of the Surveyors. 
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APPENDIX 5 
FUSES 


1. Current Rating.—The current rating of a fuse 
is the current which the fuse will carry continuously 
without deterioration, and at which the specified 
temperature rise at any part does not exceed that 
specified in paragraph 5 of this Appendix. 

The term “fuse” includes all parts of the device, 
i.e., the fuse-element, contacts, carrier, base and 
terminals. 


2. Category of Duty.—Approved fuses will be 
assigned for convenient reference a category of duty 
derived from the breaking capacity tests, and a fuse 
is not to be installed in any circuit having a prospec- 
tive short circuit current in excess of that for which 
the fuse is assigned. The prospective short circuit 
current is the current which would flow through a 
short circuit applied to the supply terminals of the 
fuses under normal working conditions. The following 
categories of duty will be recognised as standard :— 


Maximum Prospective Current 
of Test Circuit (amperes) 


Category of Duty 


- wn 
i 
— 
ao 
i=] 
oO 


33,000 


Fuses having a rated breaking capacity inter- 
mediate between these values will be assigned to the 
next lower category. 

Fuses connected to the busbars of main switch- 
boards, i.e., those busbars to which the generators are 
connected, are not to be used with generators having 
a greater total output under working conditions than 
that corresponding to the category of duty as shown 
in the following schedule :— : 


| Maximum Tota! kW Capacity of Generators, 
Ceiaury é dey under working conditions 
of Fuse ~~ 
100-125 200-250 3-phase 
volts D.C. | volts D.C, 440 volts A.C. 
1 60 | 100 300 
2 250 | 400 | 1,000 
3 | 1,200 | 2,000 5,000 
4 over 1,200 | over2,000! over 5,000 
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The fuses installed on section boards and 
distribution fuse boards will generally be of the same 
category of duty as on the main switchboard, but in 
special cases they may be of a lower category based 
on the prospective short circuit current at the position 
at which they are connected. 


3. General Construction.—The contacts are to be 
so constructed and of such material that sufficient 
pressure is maintained under ordinary service condi- 
tions after repeated engagement and disengagement 
and when left untouched for long periods. Fuse links 
are to be such that overheating, arcing and scattering 
of hot metal or other substances is obviated. All non- 
metallic parts are to be constructed of non-ignitable, 
non-hygroscopie insulating material, provided that 
cartridges with their attached labels need not neces- 
sarily be non-ignitable, and that tubular linings, if 
any, enclosing fuse elements, linings of containing 
cases or covers, if any, and fillers of cartridges, need 
not of necessity be non-hygroscopic. The requirements 
of M 362 to M 369 are to be complied with. 


4. Approval—tIn order to secure approval of 
fuses a report, preferably by an independent 
authority, is to be submitted for consideration, giving 
details of performance, fusing characteristics, tem- 
perature and insulation tests, and accompanied by 
outline drawings. The drawings should indicate 
the general arrangement and leading dimensions, 
including dimensions of contacts and terminals. 
Samples should not be submitted unless specially 
requested. 

Fuses will be approved for standard direct 
current voltages up to 250, and alternating current 
voltages up to 440, and a list of approved fuses will 
be issued. 


5. Temperature Rise.—Iuses are to be tested in 
surroundings free from external draughts and in the 
containing cases, if any, in which they may be used in 
service and in the position in which they will normally 
be mounted. The maximum temperature rises of 
contacts and fixed terminals (or sweating sockets when 
used), at the top of fuses if mounted vertically, and 
of the connections, are to be measured by thermo- 
couples attached by means of low-melting-point alloy, 
or by some equally effective means of attachment. 

The points at which the temperature rises are 
measured are to be :— 

(a) For contacts: the point at which the 
maximum temperature rise may be expected to occur. 
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(b) For fixed terminals, or, when used, sweating 
sockets: the accessible point closest to the external 
connection. 

(c) For connections: a point 1 foot along the 
conductor from the corresponding terminal or 
sweating socket. 

Thermo-couples of copper-constantan attached by 
a low-melting-point alloy of equal parts of lead, tin, 
and bismuth are considered suitable. 

After the fuses have carried their maximum rated 
eurrent continuously for sufficient time to allow their 
temperatures to become steady the temperature rise 
of the fuse contacts is not to exceed 99° F. (55° C.), 
and of the fixed terminals (or sweating sockets when 
used) is not to exceed 83° F. (46° C.). 

The conductors connected to fuses on test are 
to be of copper of uniform eross-section not greater 
than that shown below and are to be so disposed and 
covered, and/or lagged, that the temperature rise at 
a point up to 1 ft. from the fixed terminal or 
sweating socket is not less than 85 per cent of the 
actual temperature rise on test of that terminal or 
sweating socket (when used). 


| | ire | 


Fuse rating Maximum size of Conductor | 
amps. sq. inches 
5 0-002 

15 00045 

30 0007 

60 0-0145 
100 0°03 
150 0:06 
200 O01 


The covering and/or lagging is to be so applied 
that it is at least as thick over the portion of the 
connection within 1 foot of the terminal as it is over 
any other portion. 


6. Performance (Breaking Capacity).—F uses are 
to be type-tested to ensure the satisfactory opening of 
the circuit when wired for their maximum current 
rating under conditions capable of producing the 
requisite prospective current according to the 
eategory of duty. 

Fuses that are to be used in unlined metal cases 
are to be tested in bare metal cases having clearances 
from the fuse-parts not greater than the minimum 
clearances to be used in service. Fuses that are to 
be used in service without cases, or only in cases of 
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insulating material, are to be tested in woven wire 
cloth enclosures having suitable clearances from the 
fuse-parts. 

During the tests, metal cases and woven wire 
cloth wrappings are to be connected to earth through 
fine-wire fuses, wired with copper wire not greater 
than 0-0048 in. in diameter with a break not less 
than 3 in. 

Fuses are to be tested for duty by testing single 
fuses in a single-phase A.C. circuit or in a D.C. circuit 
at not less than the voltage rating of the fuse. When 
tested in an A.C. circuit, the circuit is to be made 
at a rising voltage of 50 per cent of the peak value, 
with a tolerance of plus or minus 15 per cent of the 
peak value. 

One pole of the test circuit is to be connected to 
earth, and in D.C. tests this is to be the negative 
pole. One terminal of the fuse to be tested is to be 
connected direct to that pole of the supply circuit 
which is not earthed. 

The source of energy for the tests is to be capable 
of giving the required prospective currents and is 
to produce initially a recovery voltage not less than 
90 per cent and not more than 100 per cent of the 
voltage rating of the fuse in A.C. tests and not less 
than 100 per cent and not more than 110 per cent 
of the voltage rating of the fuse in D.C. tests. If 
necessary, the test voltage may be increased initially 
above the voltage rating of the fuse in order to ensure 
that the recovery voltage will have the required value. 

The frequency of supply for A.C. tests is to be 
50 eyeles per second plus or minus 25 per cent. 

The impedance of an A.C. test circuit, including, 
if required, a resistor and a reactor in circuit with 
the fuse, is to be appropriate to the. required 
prospective current at a power factor in accordance 
with the table below. 


Category | Maximum Prospec- | Power Factor | Time constant 
of tive Current of test | (Lagging) not (L/R) not 
Duty circuit (amperes) greater than less than 
1 1,000 0°6 0:0030 
| 2 4,000 Or4 0°0040 
3 | 16,500 0:3 0°0100 
4 33,000 ey 0°0150 


The resistance of a D.C. test circuit, including, 
if required, a resistance in circuit with the fuse, is 
to be appropriate to the required prospective current, 
and the resistance and inductance of the circuit is 
to be such that the circuit has a time constant in 
accordance with the above table. 


Chap. M, Appendix 5 


Chapter M 


The recovery voltage is to be maintained at not 
less than 90 per cent of the voltage rating of the 
fuse in A.C. tests and not less than 100 per cent in 
D.C. tests for not less than 30 seconds immediately 
after the opening of the circuit by the fuse in order 
to prove that the fuse will withstand indefinitely 
continued application of its voltage rating. 


The insulation-resistance between the terminals 
of the fuse-link is to be measured at the conclusion 
of the test. 


Not less than three tests are to be made using 
the same fuse throughout, without the renewal of any 
parts other than fuse-elements and asbestos tubes or 
the like, if any, of semi-enclosed fuses, or fuse-links 
of cartridge-fuses. 


Fuses are deemed not to comply with the require- 
ments if, during one of these tests, any of the 
following failures occur :— 


(a) Melting of the fine-wire fuse, indicating 
arcing to the metal case. 

(b) Ignition of the fuses or ignition or 
damage of neighbouring apparatus, excluding any 
paper labels or the like used as indicating devices on 
the fuses. 

(c) Mechanical damage sufficient to render 
any of the following parts unserviceable without 
repairs: fuse contacts, fuse carriers, fixed contacts, 
bases, cases or any other parts not intended to become 
unserviceable on the melting of the fuse-elements. 

(d) In eartridge fuses, violent bursting of 
cartridges. 

(e) Reduction of the insulation resistance 
between the terminals of the fuse-link to less than 
100,000 ohms when measured at 500 volts within 3 
minutes after the conclusion of the test. 

(f) A maximum are-voltage greater than 
2-5 kV. 

The test certificate should state whether the test 
has been carried out with A.C. or D.C. 


7. Insulation Resistance.—The insulation resist- 
ance measured 
(a) between the fixed terminals, and 
(b) between live parts and the containing 
metal case, if any, with all other parts in position 
except the fuse-element, is to be not less than 590 
megohms. 
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8. Marking.—Fuse carriers intended for use 
with semi-enclosed fuse-links, or alternatively the 
containing cases, if any, of semi-enclosed fuses, and 
cartridges are to be indelibly marked with the 
maximum current rating (see paragraph 1) for which 
the fuses of which they form parts are suitable. 


9. British Standards.—Fuses complying with 
the requirements of B.S. 88 will be accepted as 
meeting the requirements of this Appendix, provided 
paragraphs 4 and 5 are complied with. 


APPENDIX 6 


PLAMEPROOF ENCLOSURE 


1. Where apparatus is required to be of the 
flameproof type and apparatus of suitable type is 
obtainable which has been type-tested and approved 
by a competent independent Testing Authority, such 
as, in the United Kingdom, the Ministry of Fuel and 
Power, for gases and vapours in Group II*, such 
apparatus only is to be used. Where such apparatus 
is not obtainable, the flameproof enclosure is to 
comply with the following requirements. 


2. Definition —A flameproof enclosure for elec- 
trical apparatus is one which will withstand, without 
injury, any explosion of the prescribed inflammable 
gas that may occur within it under practical con- 
ditions of operation within the rating of the apparatus 
(and recognised overloads, if any, associated there- 
with) and will prevent the transmission of flame such 
as will ignite the inflammable gas which may be 
present in the surrounding atmosphere. 


Nore.—Short of permanent hermetic sealing, 
which is generally impracticable, it must be assumed 
that any external explosive atmosphere may find its 
way within the enclosure and, moreover, that an 
ignitable atmosphere may be produced internally by 
the decomposition of oils, varnishes, rubber, etc. The 
term ‘‘gas-tight’’, therefore, has been deliberately 
discarded in favour of the term “flameproof.” 


8. Construction Where a certificate has been 
obtained from a recognised independent Testing 
Authority it will be sufficient to furnish a copy of 
the relevant certificate when required, provided there 
is no departure from the design so tested and 
approved. 


“® See Ministry of Fuel and Power Testing Memorandum No. 4. 
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Where suitable apparatus approved by a 
recognised competent Testing Authority as required 
by paragraph 1 is not obtainable the apparatus fitted 
is to comply with the structural requirements of B.S. 
229-1946 for gases and vapours in Group II, and full 
details of the construction are to be submitted for 
consideration before the work is commenced. 


APPENDIX 7 
TINNING TEST 


(A) Soprum-PoLysuLPHIDE Tinninc Test 


Any part of a tinned conductor removed from the 
core of the cable after the vulecanisation process is 
complete is to satisfy the following tests :— 


1. Samples of the tinned wire are to be selected 
and bent into circles, the diameter of the circles being 
between 24 and 30 times the diameter of the wire. 
After cleaning by immersion in benzine and rubbing 
with a pad of clean cotton wool or filter paper to 
remove any grease, the samples are to be dried in air 
and the part to be immersed in the test solution is 
not to be handled. 


2. Each sample is then to be immersed in test 
solutions, as stated below, and maintained at a 
temperature of approximately 60° F. (15-6° C.). The 
cycle of operation is to be performed six times. Each 
cycle is to consist of :— 


First: Immersion of the sample for one 
minute in hydrochloric acid, as defined below, 
the sample then being washed in clean water 
and wiped dry. 


Second: Immersion of the sample for 30 
seconds in sodium-polysulphide solution, as 
defined below, the sample then being washed in 
clean water and wiped dry. 


3. The sample is then to be examined under a hand 
lens to ascertain if copper exposed through openings 
in the tin coating has been blackened by the action of 
the sodium-polysulphide. The sample is to be con- 
sidered to have failed if, by such blackening, exposed 
copper is revealed. 

4, In the event of only one sample of a set giving 


results widely dissimilar from the remaining samples 
discretion may be exercised with regard to this sample. 
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5. Testing Solutions. The hydrochloric acid 
solution is to have a specific gravity at 60° F. 
(15-6° C.) of 1-088. 

A portion of hydrochlorie acid solution having a 
volume of 180 ml. is to be considered to be exhausted 
when there has been immersed in it the following 
number of test-samples :— 


| Maximum number | 
DIAMETER OF WIRE be a ey phat 
solution 
| Up to and including 0-044 in. 05 20 
| Above 0-044 in., up to and including 
0083 in... ne eS is 6 12 
Above 0083 in. et oe 6s 8 


The sodium-polysulphide solution is to have a 
specific gravity at 60° F. (15°6°C.) of 1:142 and is 
to be made in the following manner :— 


Dissolve about 25 grammes of pure sodium- 
sulphide erystals in distilled water and make up 
to 100 ml., add powdered sulphur in excess of the 
quantity required to saturate the solution (about 
25 grammes per 100 ml.), and boil for about one 
hour with occasional stirring. 


Cool and filter the solution and then dilute 
with distilled water to a specifie gravity of 1-142 
at 60° F, (15-6°.C.). 


(B) PERSULPHATE Tinninc TEST 


As an alternative to the Sodium-Polysulphide 
Test the following may be used :— 


1. Preparation of Test-Specimens.—(a) The in- 
sulation and coverings are to be removed from test 
samples of appropriate length (see following Table) 
by any method which does not cause injury to the 
tin coating. 


(b) Two groups of specimens, each comprising 
the number shown in column 4 of the following Table, 
are to be marked 4 em. from each end. 


(c) Each specimen in the ease of single con- 
ductors, or each group of 3 or 10 in the case of 
multiple conductors, is to be wound into one helix 
upon a smooth mandrel in such a manner as to ensure 
no twisting moment being imparted to the wire. Such 
portions as are necessary to lead up to the 4 em. 
ends and provide for their projection above the 
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surface of the testing solution are not to be formed 
to the mandrel, but are to be suitably bent so as not 
to entail a radius less than half the diameter of the 
mandrel. 


Test Samples Test Specimens 
Diameter and number of [Length Number Length 
wires comprising conductor between marks 
Lig ek el | For | Total | 
Diameter Number a for 
canteen each 
group 
Ss Paes Sey PP Se 5 6 
(in.) (em.)|~ S| (em..) ‘| (om.) | 
0°0076 ile 58 10 50 500 
a eee 
Up to and 
Above including 
0:0076 0:°012 | 6ormore | 108 5 100 | 500 
0:012 0:029 | 3ormore | 74:7 3 66-7 | 200 | 
0029 07108 | 3ormore | 41°3 3 33°3 | 100 | 
| 0°029 = 0°1038 108 | 1 100 100 


(d) After the test-helix has been removed from 
the mandrel and immediately prior to its immersion 
in the test solution it is to be cleaned by immersion 
for 10 seconds in a suitable solvent, i.e., chloroform 
or methylated ether in one vessel followed by a 
similar immersion in a second vessel and allowed to 
dry before immersion in the test solution. 


In the event of.rubber adhering to the test 
specimen, the wire is to be cleaned before or after 
winding the test-helix by rubbing with a pad of 
cotton wool soaked in the solvent, or by treatment 
with hot solvent. In no ease, however, is the test- 
helix to be straightened and rewound or subjected to 
any serious mechanical deformation for the purpose 
of cleaning, and in all cases the double immersion 
described is to constitute the final cleaning operation. 


2. Preparation of Testing Solutions.—The testing 
solutions are to be prepared as follows :— 

(i) Persulphate Solution. Dissolve 10 grammes 
of fresh crystalline ammonium persulphate in dis- 
tilled water, add 20 ml. of 0-880 ammonium hydroxide 
solution and make up to one litre with distilled water. 


(ii) Standard Colour reagent. Dissolve 3,927 
grammes of pure copper sulphate (CuSO,5H,0) 
and 50 ml. of 0-880 ammonium hydroxide solution in 
distilled water and make up to one litre with distilled 
water. One ml. of this solution is equivalent to 
0-001 gramme copper. 
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3. Immersion for Test.—After cleaning, the helix 
is to be immersed for 10 minutes in the persulphate 
solution in such manner that the surface of the wire 
between the marks (see Column 5 in preceding Table) 
is exposed to the solution and the 4cem. ends project 
above the surface. 


The test is to be carried out under normal room 
temperature conditions, but immediately prior to the 
immersion test the solution is to be brought to a 
temperature of 60° + 2° F. 


The volume of the solution is to be :— 
75 ml. 
... 200 ml. 


Up to and including 0-072 in. dia. 
Above 0-072 in. dia. ... 


The diameters of the mandrels to be used are 
to be in accordance with the Table below. 


Diameter of Wire (in.) Diameter of Mandrel (in.) 
0-0076 0°60 
Above Up to and 
including 
0:0076 0:01 0°65 
0-01 0-012 0°70 
0-012 0-018 0°85 
0-018 0-029 1°15 
0-029 0:036 1°30 
0:036 0-044 1°50 
0:044 0-052 1-70 
0052 0-064 2°0 
0064 0-072 2°2 
0-072 0-083 25 
0-083 0-093 2°75 
| 0-093 3°0 


0-108 


4, Determination of Weight of Copper Dissolved.— 
The weight of copper dissolved from the wire by the 
persulphate solution is to be determined colori- 
metrically by comparison with the standard colour 
reagent (see paragraph 2 (ii)). The weight is expressed 
as milligrammes of copper per square decimeter of 
wire immersed. 
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5. Standard of Quality.—If the result obtained 
does not exceed the appropriate value shown in the 
following Table the coating is to be regarded as 
satisfactory. 


Diameter of 
wire Milligrammes per square decimetre 
(in.) 


| 
From |Uptoand) Ordinary Conductor Flexible Conductor | 


including | Cables Cables and Cords | 
Ot srtha 
| fH rae (RT| tongn 
Rubber | Rubber Rapier Rubber | 
Sheathed | Sheathed Sheathea Sheathed 
1 2 3 | 4 | 5 6 
= — — aD es 
0:0076 0-018 —_— — 40 50 
O-O181 0°1038 | 30 30 30 30 


If the result of one group exceeds the limiting 
value the test may be repeated from a fresh group 
comprised of specimens from the same cable from 
which the original defective group were taken, in 
order to ensure that the failure is not due purely to 
end effect. 


If this additional group also fails, the cable is to 
be rejected. 


APPENDIX 8 
SPARK TESTING OF RUBBER INSULATED CABLES 


1. Spark testing can be applied to 250-volt and 
660-volt vuleanised rubber insulated cables and fire- 
resisting polychloroprene insulated cables, flexible 
cables and flexible cords having conductors of a 
maximum cross-sectional area of 0-06 sq. in, as an 
alternative to insulation resistance and voltage tests. 


2. The test is to be taken at the core stage, except 
for single-core, braided and compounded cable, in 
which case it may be taken at the finished stage as 
an alternative to the core stage. 


8. The test electrode is to make intimate contact 
with the surface of the core or cable and shall 
preferably consist of a fine link mesh. The speed at 
which the core or cable passes through the electrode 
is to be such that every point is in the electrode for 
not less than 0-1 second. 
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4. The supply to the electrode is to be alternating 
current at 50 cycles per second. The conductor of 
the core or cable is to be earthed and the potential 
difference between the electrode and the conductor 
is to be in accordance with the following :— 


Grade of Cable waa Ps sons 
| 
oe Ser Ss 
250-volt volts 
Up to and including 0°0225 sq. in. 6,000 
Above 0°0225 sq. in. up to and including 
0°04 sq. in. ... ae ee Pr pis 8,000 
Above 0°04 sq. in. up to and including 
0-06 sq. in. = ot 10,000 
660-volt 
Up to and including 0°04 sq. in. ... : 10,000 | 
Above 0°04 sq. in. up to and including 
0°06 sq. in. aT o rs 12,000 


maintain fault indication even after the fault has 
passed out of the electrode. 

The minimum sensitivity of the spark-testing 
apparatus is to be such that the detector will operate 
when an artificial fault device consisting of a spark 
gap in series with a capacitor is connected between 
the electrode and earth. The electrode potential is 
to be 6,000 volts RMS and the capacitor 350 micro- 
microfarads. The spark gap is to consist of a metal 
plate moving past a needle point in 0-02 seconds, and 
the distance between them during this time is to be 
0-2 inch. Check tests are to be taken at regular 
intervals. 


APPENDIX 9 
CURRENT RATINGS OF CABLES 


1. The Tables apply to cables employed in the 
wiring of ships but do not provide for every condition 
under which cables may be used. 

The current ratings and lengths set out are 
ealeulated for full-load conditions based on experi- 
mental data, and are based on maximum operating 
conductor temperatures of 124° F. (51° C.) for vul- 
canised-rubber insulated cables and 160° F. (71° C.) 
for lead sheathed impregnated-paper-insulated and 
varnished-cambric-insulated cables. They have been 
rounded off to apply, under practical conditions, to 
the respective cables and methods of installation 
defined in the Tables. 
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It is impracticable to specify ratings for every 
condition of grouping and of loading which may occur 
in ships, but guidance can be furnished for specific 
cases if desired. 

The cooling air temperature referred to in the 
Tables is the temperature of the air under normal 
conditions, and does not take account of increase of 
temperature in the vicinity of cables due to heat 
arising therefrom. 


2. The permissible ratings, subject to voltage 
drop, of cables run on cleats are generally higher 
than those run in clips, conduit or wood casings, and 
further particulars can -be supplied on request. 


8. In a three-phase system of single-core cables 
in flat formation passing through a steel bulkhead, 
each cable passing through a separate hole in steel, 
no direct effect need be anticipated on the current 
rating or voltage drop except in extremely short con- 
nections. Heating of the steel, however, results from 
the magnetic effects, the temperature rise at the 
hottest point amounting to twice the conductor tem- 
perature rise under unfavourable conditions. In 
confined spaces this may lead to inereased cable tem- 
peratures unless a non-magnetic gland plate is used, 
non-magnetic glands or bushings giving at least #-in. 
clearance between the lead sheath and the steel should 
be used and the axial spacing between the cables 
should, where possible, be not less than 6 inches. 


APPENDIX 10 
TRANSFORMERS FOR POWER AND LIGHTING 


1. Transformers, unless otherwise approved, are 
to be rated at their continuous maximum rating 
expressed as the kVA output on non-inductive load 
when earrying rated current on the output side with 
rated voltage applied on the input side. This 
Appendix relates to transformers rated at 1 kVA or 
over if single-phase, and 5 kVA or over if polyphase. 


2. The temperature rise, when tested at the con- 
tinuous maximum rating is not to exceed the limits 
given in the table below. 

The temperature-rise limits specified for natural 
air cooling and air blast cooling, whether for dry or 
oil-immersed transformers, are temperature rises 
above the ambient air temperature, and for water 


cooling are temperature rises above the inlet water 


temperature. The standard reference ambient 
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temperature for the purpose of these requirements 
is 85° F. (29-5° C.) in the ease of sea water cooling, 
while for air it is 113° F. (45° C.). 


TEMPERATURE Rise Limits ON TRANSFORMERS WITH 
DIFFERENT TYPES OF COOLING 


WInDINGS—Average temperature rise as measured by 
increase in resistance of the winding connected 
between the terminals. 


Oil Insulation 
Type Circulation | Codling | Class A Class B 
- 1 ead 2 ie 3 | ; <3 aoe 5 J 
Dr ( Air Natural 90° F. | 126°F. 
. | al |) Air Blast (50°C.) (70° C.) 
| | | _| 
| Natural \ | Air Natural |) goer 
| thermal Air Blast | > (55° C.) — 
| head onl | Water | \ eta 
| y | 
EPS ee Rr RE ee ee ae 
Woe Na | 8° F. = 
| immersed Forced | atetiate a ae a} 
(Circulation | Airy Blast 108° F. — 
iby external || (60° 0.) 
pumps | Water | iW le a 
| (65° C.) 


Ou—For all oil-immersed types, temperature rise by 
thermometer—81° F. (45° C.). 


Cores—For all types, the temperature rise when 
measured by thermometer on the external surface of 
the core is not to exceed that permitted for the 
adjacent windings. 


8. All transformers while in service are to be 
capable of withstanding short-circuit without injury 
for the time periods given below, normal line voltage 
being maintained. 


DurRaTION OF SHORT-CIRCUIT WITH REFERENCE TO 
IMPEDANCE VOLTAGE 


Impedance Voltage Duration of Short-Circuit 


| 
| ; | as EP 
| 


4% 2 
5% 3 
6% 4 
7% and above 5 


Transformers having an impedance less than 
4 per cent are to be capable of withstanding, under 
service conditions, 25 times normal full-load current 
for two seconds. 

4. The voltage ratio is to be within 0°5 per cent 
of the declared ratio, or a percentage equal to 1 tenth 
of the percentage impedance voltage at rated load, 
whichever is the smaller. 


ELECTRICAL EQUIPMENT 


5. An applied high voltage test is to be carried 
out on every transformer at the manufacturer’s 
works, preferably with the transformer hot immedi- 
ately after the temperature test, if any. The test is 
to be applied between the winding under test and 
the remaining windings, frame and tank of the 
transformer all connected to earth. 

The test is to be made with alternating-current 
at any convenient frequency between 25 ¢/s and twice 
the rated frequency of the transformer, but preferably 
at the rated frequency. The full test voltage is to be 
maintained for one minute. 


AppLizeD VOLTAGE TEST 


Novre.—In the Table “*E” denotes the service voltage in kV 
(between lines). 


Test Voltage in kV 


System with Neutral] 
| or Centre Point | System with Neutral or 
| Seater a Insulated or Earthed) Centre Point earthed 
y No~ ay | through current- direct 
Biigeds | limiting device 
Transformer not Transformer 
earthed or earthed ; 
through current- Not Earthed 
| limiting device earthed | direct 
Single-phase 1+2E 1+1-73E 1+1°4E 
=e —_ 
_ ‘fwo-phase 1+3-46E 14+346E | 142°8E 
Three-phase 142E | 1+2E 1+16E 


Single-phase transformers for use in a polyphase 
group are to be tested in accordance with the re- 
quirements for the transformers as connected together 
on the system. 


6. An induced high voltage test is to be carried 
out on every transformer at the manufacturer’s 
works, in which a voltage is applied across the 
terminals of one winding of the transformer suffi 
ciently in excess of its rated voltage to induce 
voltages of the specified test magnitudes in all 
windings. This test is made by utilising an external 
souree of voltage usually having the same number of 
phases as the transformer under test and provides 
a graduated test of the insulation between separate 
windings and the adjacent parts, and also a test of 
the inter-turn and inter-coil insulation. 
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The test is to be carried out as follows :— 


To the terminals of either the higher- or lower- 
voltage windings is to be applied an A.C. voltage of 
as nearly as possible sine-wave form and at approxi- 
mately twice the rated frequency to avoid excessive 
exciting current during the test. The windings not 
connected to the exciting source are to be left on 
open circuit, and steps taken to ensure that excessive 
voltages do not occur during the test. Any winding 
may be earthed at any point at the discretion of the 
manufacturer during this test. 


The test voltage between the line terminals or 
between one line terminal and neutral is to be twice 
the normal voltage between these terminals under 
working conditions. The test is to be commenced at 
about one-third of the test voltage and is to be 
increased to its full value as rapidly as is consistent 
with its magnitude being indicated by the measuring 
instrument. The standard duration of the test is 
60 seconds for any test frequency up to and including 
twice the rated frequency. When the test frequency 
exceeds twice the rated frequency the duration of the 
test in seconds is to be equal to :— 


2 X rated frequency 
Pp paedtiatcstachs ccm 
test frequency 


but in no ease is the duration of the test to be less 
than 15 seconds. At the end of the test, the voltage 
is to be diminished rapidly to one-third of the test 
voltage before switching off. 


In the ease of three-phase transformers in which 
the induced voltage test is applied as a single-phase 
voltage and the resultant voltage therefrom between 
adjacent line terminals does not reach twice the rated 
voltage, a supplementary test with the same or other 
circuit connections is to be made in order to obtain 
the specified voltage between line terminals. 


7. In the case of repairs affecting the windings 
of a transformer which has been in service, the trans- 
former is not to be put back into service after such 
repair until it has passed high voltage tests using test 
voltages equal to 75 per cent of those prescribed 
above. 


Chap. M, Appendix 10 


Chapter M 


APPENDIX 11 
INSULATING RUBBER FOR CABLES 


Physical tests and requirements 


(a) Samples. 

Eleven samples of the completed core are to be 
stripped of the proofed tape (if any) and the con- 
ductors are to be carefully removed without damaging 
the rubber insulation. 


(b) Preparation and condition of samples.— 

(i) Tests are to be made not less than 72 hours 
after the vulcanisation of the rubber. 

(ii) Samples are to be protected from light as 
completely as practicable. 

(iii) Samples that have been subjected to accele- 
rated ageing are to be tested not less than 24 hours 
and not more than 72 hours after removal from the 
ageing oven. 

(iv) All samples are to be kept at.a temperature 
of 21° C.+3° C. for a period of not less than 24 hours 
and not greater than 72 hours immediately before 
being tested, and during test. 


(c) Sub-permanent set. 

Two of the samples are to be marked with lines 
2 inches apart, after which they are to be stretched 
until the lines are 6 inches apart (200 per cent elonga- 
tion) and maintained so stretched for 4 hours. The 
samples are then to be released and exactly 2 hours 
after release the distance between the marks is to be 
measured. The mean distance, for the two samples, 
is not to exceed 2-60 inches (30 per cent sub-permanent 
set) and they are to show no signs of furring or 
eracking. 


(d) Tensile strength and elongation at break. 


Nine samples are to be cut accurately to a con- 
venient length and eight of them marked with lines 
1 inch apart. The unmarked sample is to be used 
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for the determination of the density of the compound. 
Each of the other samples is to be weighed and the 
mean cross-sectional area calculated from its weight, 
length and density. 


Four of the marked samples are to be tested for 
tensile strength and elongation at break on a machine 
having grips of the self-tightening type. The rate of 
separation of the grips is to be such that the portion 
between the marks on the sample is stretched to 
breaking at a rate approximating to 500 per cent 
elongation per minute. 


The tensile strength and elongation at break of 
each of the four samples is to be recorded. The 
sample with the lowest figure for tensile strength is 
to be neglected and the average values of tensile 
strength and elongation at break of the other three 
ealeulated and recorded as the values for the unaged 
insulant. 


The values are to be not less than the following :— 


Breaking weight | Elongation 


Size of cable | in lb. per sq. in. per cent 
Cables with insulant of <0:030 1800 360 
inch radial thickness 
Cables with conductor diameter) 1600 320 
of 0°82 inch or greater | 
All other sizes 2000 400 


(e) Accelerated ageing. 


The remaining four samples are to be maintained 
in the dark in a ventilated air oven at a temperature 
of 82:2° C.+0-5° C. for 120 hours. After conditioning 
in accordance with sub-paragraph (0) (iii) of this 
clause the tensile strength and elongation at break is 
to be determined in accordance with sub-paragraph 
(d). The tensile strength and elongation at break 
of the aged samples is to be not less than 75 per cent 
and 85 per cent respectively of the unaged values. 
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of the external surfaces and the deck and bulkhead 
edges. Dimensions and spacing of frames, beams and 
stiffeners and details of other steel work protruding into 
the insulation and within the chambers are to be shown. 
Oil fuel and liquid cargo tanks adjacent to or below the 
chambers are to be indicated, and whether heating is 
provided for such tanks. Ventilating and air conditioning 
trunks and ducts passing through chambers are to be 
shown. The plans should include a diagram showing the 
position of the chambers in relation to other parts of the 
ship if this is not otherwise apparent. 


(e) Detailed plans showing the thickness and methods 
of attachment of the insulation and linings on all surfaces, 
including girders, hatch coamings and pillars; details of 
insulated doors, and hatch, access, bilge and manhole 
plugs and their frames. Method of attachment of brine 
or direct expansion grids and meat rails are also to be 
shown. 


(f) Arrangement of air ducts (including method of 
cooling spaces within hatch coamings), air coolers, fans 
and their motors. 


(g) Air cooler defrosting arrangements, other than hot 
brine circulating systems. 


(h) Arrangement of ‘brine grids including those in way 
of hatches; and method of construction. 


(t) Arrangement of chamber thermometers. 
(j) General arrangement of refrigerating machinery. 
(k) Brine circuit diagram with particulars of piping. 


(l) Primary refrigerant gas and liquid circuit diagrams 
and full particulars of all pressure piping. 


(m) Sectional arrangement of refrigerant compressors. 


Detailed dimensioned plans of :— 
(n) Compressor crank shafts. 


(0) Compressor crank cases where exposed to the 
refrigerant pressure. 


(p) Condensers. 
(q) Evaporators (brine coolers). 
(r) Air coolers. 

(s) Oil separators. 

(t) Liquid receivers. 


(uw) All other pressure vessels. 


Note.—All the plans listed, and any others which may be 
specially requested are to be forwarded in triplicate. 


(v) Similar plans are required for refrigerating plant of 
other designs. 


N 203 -N 207 
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(w) Where the refrigerating machines are driven by 
oil engines particulars and plans are to be submitted in 
accordance with the requirements of G104 and H7. 


(x) Where the refrigerating machines or air cooler 
fans are driven by steam engines particulars and plans 
are to be submitted in accordance with G 104. 


(y) Where air cooler or necessary air stirring fans are 
electrically driven plans of the motors are to be submitted 
in accordance with M 1207. 


Refrigeration required in excess of N 306 


203 Refrigeration required in excess of that specified 
in N 306, which may be necessary for rapid cooling of 
chambers, or cooling cargoes loaded at temperatures above 
the carrying temperature, is to be in accordance with a 
specification approved by the Owners. 


Rate of Air Circulation 


204 Where refrigeration is effected by forced air 
circulation over coolers the proposed fan output in each 
chamber will be considered in relation to the heat to be 
removed, the nature of the cargo and the service(s) intended. 


Where chambers are intended for the additional duties 
mentioned in 203 the rate of air circulation is to be in 
accordance with the Owners’ requirements. 


Subsequent Modifications or Additions 


205 Any subsequent modifications or additions to 
particulars and/or arrangements shown on the approved 
plans or in the specifications are also to be submitted for 
approval. 


Novel Arrangement and Designs 


206 Where the proposed construction of the 
refrigerating plant or refrigerated chambers is novel in 
design or involves the use of unusual material, special 
tests may be required, and a suitable class notation may 
be assigned when the Committee consider this necessary. 


Survey Requirements 


207 From the commencement of the construction and 
installation of the refrigerating plant and of the insulation 
and fitting out of the cargo chambers, to the testing of 
the completed installation, the Surveyors are to examine 
the materials and workmanship and are to indicate at the 
earliest opportunity and require the rectification of any 
items not in accordance with the Rules or the approved 
specifications and plans, or any material, workmanship or 
arrangement found to be defective or unsatisfactory. 


REFRIGERATED CARGO INSTALLATIONS 


Section 3 
REFRIGERATING PLANT 
Definition of a Unit 


301 A refrigerating unit comprises a prime mover, 
one or more refrigerating machines (refrigerant gas com- 
pressors), one gas condenser—and in the case of a secondary 
refrigerant, one brine cooler (gas evaporator)—and the 
fittings necessary to permit independent operation of the 
unit. 


302 If the prime mover of a refrigerating machine 
is a steam engine with two or more cylinders and each 
cylinder drives a corresponding compressor, or there is 
more than one motor similarly arranged, and if each com- 
pressor is connected to its own condenser and brine cooler 
(where fitted), the arrangement is to be regarded as two 
or more units as the case may be, provided the units can 
be used separately or in combination. 

Nore.—Condensers or evaporators of the coil-in-casing type 
need not necessarily be in separate casings. 

303 Two or more refrigerating machines (or com- 
pressors) driven by a single prime mover, or having only 
one condenser or one brine cooler (where fitted), are to be 
regarded as one unit. 


304 Where a refrigerating plant is provided for sub- 
cooling the liquid refrigerant, or cooling the condensers of 
other refrigerating machines, and is not arranged for 
cooling the cargo spaces independently, it will not be 
regarded as a unit. 


305 Where a refrigerating plant is dependent on the 
main refrigerating units for cooling the condenser or the 
refrigerant liquid, it will not be regarded as a unit. 


Refrigeration to be Provided 


306 The refrigeration provided is to be capable of 
efficiently maintaining the minimum temperature(s) under 
the conditions applicable to the maximum sea temperature 
for which approval by the Committee is desired and which 
is to be specified in the class notation (see N 101), when 
working 24 hours a day with any one of the refrigerating 
units out of action. It is recommended that a reasonable 
margin in plant output over maximum load be allowed for 
possible overall inefficiencies under service conditions. 


307 Where part of the necessary refrigeration is 
obtained by the sub-cooling of the liquid refrigerant by 
other refrigerating plant, one plant supplying such sub- 
cooling may be considered sufficient provided the 
refrigerating units including the stand-by unit are capable 
of the full duty specified in 306 in the event of the sub- 
cooling plant being out of action. 
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308 In any case where all the refrigerating units are 
not connected for use on all the refrigerated cargo chambers 
the plant serving each chamber is to comply with the 
requirements of 306. 


309 The foregoing requirements are based on the 
assumption that installations will have relatively few 
refrigerating units each arranged to serve all chambers. 
In the case of installations having a large number of small 
units arranged to serve individual chambers, or groups of 
chambers, the question of reserve plant will be the subject 
of special consideration. 


Number of Refrigerating Units 

310 Not less than two complete refrigerating units 
are to be fitted. Where two units only are fitted the 
working parts are to be interchangeable. 


Stand-by Pumps 

311 A stand-by gas condenser cooling water pump 
is to be installed ready for use in addition to the pumps 
required for the full duty specified in 306. This stand-by 
pump may be one of the pumps used for other purposes 
provided it is of adequate capacity and its use on the gas 
condenser does not interfere with other essential services. 


312 Where brine is used for refrigerating the cargo 
chambers a stand-by brine circulating pump is to be 
installed ready for use in addition to the pumps required 
for the full duty specified in 306. 


Sea Connections 

313 Condenser cooling water is to be taken from not 
less than two sea connections, one of which may be that 
provided for other purposes, such as the water ballast inlet. 
It is recommended that one of the sea connections be pro- 
vided on the port and the other on the starboard side. 


Location of Machinery 


314 Where ammonia or methyl chloride refrigerant 
is used the machinery is to be in an efficiently ventilated 
compartment isolated from the propelling machinery spaces 
including the shaft tunnels. 


Prime Movers 


315 Where refrigerating plant is electrically driven 
the motors and their control gear are to comply with the 
requirements of M 12 and M 13. 


316 Where the refrigerating machinery is steam 
driven the steam engines are to comply with the require- 
ments of Chapters G and H and the exhaust steam is to 
be led to the main and auxiliary condensers. 
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317 Where the refrigerating machinery is driven by 
oil engines the requirements of Chapters G and H are to 
be carried out. 


Motive Power 


318 In the case of 315 the electric power is to be 
taken from at least two generators (see also M 232) and 
in the case of 316 steam is to be taken from at least two 
boilers, each capable of the maximum duty without inter- 
ference with other essential services. 


Plant on Ships not classed with the Society 


319 In the case of refrigerating installations being 
constructed under the Society’s Special Survey on ships 
uot intended to be classed with this Society, the generator 
2ngines and electrical equipment, which supply power to 
the refrigerating installations, should be constructed in 
accordance with the requirements of the Classification 
Society concerned, but such plant is to be examined 
generally and under working conditions. 


Steel Castings 


320 Important steel castings are to comply with the 
requirements of P 9. 


Steel Forgings 


321 Crank shafts and other important steel forgings 
are to comply with the requirements of P 10. 


Dimensions of Crank Shafts 


322 Crank shafts of single acting reciprocating 
refrigerant compressors, of mild steel having a tensile 
breaking strength of 28/32 tons per square inch are to 
have dimensions not less than those calculated from the 
following formula. 


323 The formule are applicable to compressors 
operating on the normal cycle, with crank shafts having 
one, two, three or four cranks at equal angles and one 
cylinder acting on each, and with two or more main 
bearings. 


324 The formule are also applicable to compressors, 
other than CO,, having the crank and cylinder arrange- 
ments as shown in the following table, but in these cases 
the calculated shaft diameter is to be increased by 5%, 
18% and 25% when the angle between cylinders is 90°, 
60° and 45° respectively. 
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Number of 
crank ‘pins | cylinders en 
1 or 2 2 45°, 60° or 90° 
3 2 45° or 60° 
4 2 45° or 60° 
1 3 45°, 60° or 90° 
2 3 45° or 60° 
o 3 45° 
1 4 45° or 60° 
2 4 45° 


325 The formule are not applicable to crank shafts 
having more than one crank on the same top centre, or 
to compressors where the cylinders are arranged for super- 
charging by gas of higher pressure at an intermediate 
stage of the stroke. 


Diameter of Crank Shafts 
326 


Diameter of crank shaft (All dimensions in 


Refrigerant inches or millimetres) 


Carbon Dioxide ARE La) 
(CO,) 3 p°( nt pt hs ) 
=— : 
for gas discharge pressures up to 
1500 lb. per square inch. 


Ammon ia (NH.) 


Monochlorodi- 
fluoromethane 


(CH Cl F,) 


for gas discharge pressures up to 
250 Ib. per square inch. 


methane 

(C Cl, F,) 
Methy Chloride for gas discharge pressures up to 

(CH, Cl) 150 lb. per square inch. | 


Dichlorodifluoro- Mi D 


where D=cylinder diameter, 
S=length of stroke, 


a=distance from the inner edge of one bearing to 
the centre line of the crankpin nearest the 
centre of the span, 


b=distance from the centre line of the same crank- 
pin to the inner edge of the other bearing, 


a+b=distance (or span) between the inner edges 
of adjacent main bearings. 


REFRIGERATED CARGO INSTALLATIONS 


Crank Webs 


327 Crank webs are to be of the following pro- 
portions or of equivalent strength :— 


Breadth of web = 1-33 xcalculated shaft diameter. 
Thickness of web adjacent to 
a bearing = -56xcalculated shaft diameter. 


Thickness of intermediate 
webs = -:75xcalculated shaft diameter. 


Crank Shafts of Other Materials 


328 Where crank shafts are proposed to be made of 
steel of greater strength or of other material, the particulars 
including the material specification are to be submitted for 
special consideration. 


Crank Shafts for Compressors of Other Designs 


329 The particulars of crank shafts for double acting 
or compound compressors, and for other refrigerants or 
arrangements, are to be submitted for special consideration. 


Maximum Working Pressures 


330 The components of primary refrigerant pressure 
systems including piping, stop valves and headers are to 
be designed for a maximum working pressure of not less 
than :— 


1500 lb. per square inch for carbon dioxide (CO,) 


250 lb. per square inch for ammonia (NH,) and 
monochlorodifluoromethane (CH Cl F,) 


150 Ib. per square inch for dichlorodifluoromethane 
(C Cl, F,) and methyl chloride (CH, Cl)) 


In the case of crankcases which are exposed to the 
refrigerant pressure the design pressure is to be not less 
than :— 


200 lb. per square inch for ammonia and monochloro- 
difluoromethane 


100 lb. per square inch for dichlorodifluoromethane 
and methy] chloride 


Crankeases designed for a lower pressure are to be 
provided with a pressure relief valve arranged to lift at 
the design pressure and the discharge led to a safe place. 


If desired a lower design pressure may be considered 
for other parts of the low pressure side of the system. 


The design pressure for other refrigerants which may 
be proposed will be considered on application, but as a 
general guide this will be the saturated vapour pressure 
at 115° F. 
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Refrigerant Pressure Vessels 

331 Welded cylindrical pressure vessels which are 
of steel construction and exposed to the pressure of the 
refrigerant are to be constructed in accordance with the 
requirements of J 18 to J 23 so far as applicable, except 
that the pressure tests are to comply with 339. 


332 Where ammonia is the refrigerant, pressure 
vessels are to be constructed to not less than Class 2 fusion 
welded or Class 1 forge welded requirements. 


333 Where pressure vessel shells are made of steel 
tube the tubes are to comply with the requirements of 
E5 so far as applicable, except that the formula for 
determining the thickness of straight shells may be 
modified to 


334 Where ammonia is the refrigerant, pressure 
vessel shells are not to be manufactured from lap welded 
pipes. 

335 Where pressure vessels are of seamless con- 
struction, they are to comply with the requirements of 
J 2404 to J 2406, and the pressure tests are to comply 
with 339. 


336 Where it is proposed to construct pressure 
vessels of materials other than steel, or not of cylindri- 
cal form, full particulars will be required for special 
consideration. 


Pressure Pipes 


337 Steel piping for primary refrigerants is to comply 
with the requirements of E5 except that the figure of 
-05 may be reduced to -03 and the pressure tests are to 
be in accordance with 339. 


Butt welding of pipe lengths in lieu of flanged joints 
is to be carried out by a method approved by the Com- 
mittee, under the supervision and to the satisfaction of 
the Society’s Surveyors, including such weld tests as may 
be required. 


338 Where it is proposed to use pipes of materials 
other than steel, full particulars are to be submitted for 
consideration. 


Pressure Tests 

339 The pressure tests which follow are to be wit- 
nessed by the Society’s Surveyors at the maker’s works. 
The hydraulic test may be carried out with any suitable 
liquid. When it is inconvenient to test large NH, (ammonia) 
condensers and evaporators by submersion in water the 
shells may be charged with air and gas, and tested by 
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some suitable means. In the case of C Cl, F, (dichloro- 
difluoromethane), CH Cl F, (monochlorodifluoromethane) 
and CH, Cl (methyl chloride) a suitable gas may be used 
in lieu of air. 


Minimum Test 
, Pressure lbjin? 
as Component ; r 
Hydraulic | Air* 
co, Compressor cylinder blocks, stop 3,000 1,500 
valves and connections, connect- 
ing piping, separators, condenser 
and evaporator coils and all com- 
ponents subject to gas pressure, 
N.H, | Compressor cylinders, stop valves, 600 300 
and connections and all piping. 
CHCIF,| Compressor crankeases subject to 300 150 
refrigerant pressure, 
Condenser, evaporator and air cooler 1,500 500 
coils. 
Condenser and evaporator coils or 500 250 
grids welded to headers; condensers 
and evaporators of double pipe 
or “shell and tube” types; 
pressure vessels, and all other 
components subject to gas 
pressure. 
CCl, F, | Crankeases subject to refrigerant 200 150 
and pressure. , 
CH,Cl | Small machines with cylinders up |: 300 200 
to 4}” dia. where the cylinders and 
crankcases are in one casting. 
| All other components in the entire 350 200 
system, including piping. 
Cooling liquid side of refrigerant | 2WP but not 
condensers. less than 15 
Brine Air cooler coil assembly. ] 100 
Cast iron casings of refrigerant | 2WP but not 
‘| evaporators. less than 15 
| Steel casings of refrigerant evapor- 2X head ~ 
ators on suction side of pump. pressure but 
not less than 
30 
Steel casings of refrigerant evap- | 2WP but not 
orator on discharge side of pump. | less than 50 
Open casings of brine evaporators. Filled to top 


* Component submerged in water at 90°F. 


Tests after Erection on Board Ship 


340 Carbon dioxide systems are to be examined 
for gas leaks when the system is charged. Ammonia and 
monochlorodifluoromethane systems are to be tested to a 
gas or air pressure of not less than 200 lb. per square inch. 


Dichlorodifluoromethane and methyl chloride systems 
are to be tested by a suitable gas to a pressure of not less 
than 100 lb. per square inch. 


Brine systems are to be tested to a hydraulic pressure 
of double the working pressure but not less than 50 lb. 
per square inch. Where the hydraulic test is not reason- 
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ably possible, sections of brine leads (service pipes) which 
have to be insulated before the circuits are complete may 
be tested by an air pressure of 90 lb. per square inch. 


Oil Separators 

341 Suitable oil separators with drains are to be - 
provided to the refrigerant lines. If wire gauze is used 
in the separator it is to be sufficiently robust and supported 
to prevent disintegration. 


Filters (strainers) 


342 Suitable filters are to be provided in the re- 
frigerant gas lines to compressors and in the liquid lines 
to the regulators. Wire gauze in filters is to be sufficiently 
robust and supported to prevent disintegration. A filter 
may be combined with the oil separator required by 341. 


Refrigerant Driers 


343 Driers are to be fitted in monochlorodifluoro- 
methane, dichlorodifluoromethane and methyl chloride 
refrigerant systems, and the arrangement is to be such 
that the drier can be by-passed, isolated and opened up 
without interrupting plant operation, 


Brine Systems 

344 Where brine is the cooling medium it is recom- 
mended that the “closed” system with a brine balance 
tank be adopted in every case. 


Safety Devices 


345 <A pressure relief valve and/or safety disc is to 
be fitted between each compressor and its gas delivery 
stop valve, the discharge being led to the suction side of 
the compressor. 


346 All pressure vessels of refrigerant systems which 
could become filled with liquid refrigerant and isolated 
are to be provided with safety discs and relief valves in 
series, or other approved arrangements, the discharge being 
led to a safe place above deck. 


347 Suitable spring-loaded safety valves are to be 
provided to the cooling liquid side of condensers and the 
brine side of evaporators where the pressure from any 
pump connected could cause a pressure in excess of the 
maximum working pressure. 


Access to Plant 


348 The arrangements are to be such that all com 
ponents of the refrigerating machinery can be readily 
opened up for inspection or overhaul. Space is to be 
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provided for the withdrawal and renewal of the tubes in 
“shell and tube” type evaporators (brine coolers) and 
condensers. 


349 Where the coils of “coil-in-casing” type evapora- 
tors (brine coolers) and condensers are unwieldy and 
cannot readily be withdrawn, two suitably arranged 
inspection holes are to be provided in the top plate, in 
the sides at about half height and in the sides at the 
bottom. The holes are to be as large as practicable and 
not less than 9 inches x 6 inches. 


Manual Control 


350 Where plants are operated by thermostatic re- 
frigerant control, efficient manual controls are also to be 
provided, and the arrangement is to be such that thermo- 
static controls can be by-passed and isolated. 


Refrigerating Plant of Other Design 


351 Particulars of refrigerating plant of designs 
other than those mentioned in these Rules (e.g., steam 
jet vacuum refrigeration plants) are to be submitted for 
special consideration. 


Cooling Appliances in Refrigerated Chambers 


352 Chambers may be refrigerated by pipe grids on 
the ceiling and sides or by the circulation of air over coolers. 


353 Refrigeration by pipe grids in the chamber is 
to be effected by the circulation of brine, except in the 
case of installations or chambers of very small capacity 
when the direct expansion of the refrigerant will be con- 
sidered. The pipe grids in each chamber are to be arranged 
in not less than two sections. Each section is to be fitted 
with valves or cocks so that it can be shut off. 


354 Hither brine or the direct expansion of the 
refrigerant may be employed in the coils of air coolers. 
The coils are to be arranged in not less than two sections 
each of which is to be capable of being readily isolated 
when necessary. 


355 The brine or direct expansion leads to, and 
returns from, the cooling appliances in each chamber are 
preferably to be in duplicate. 


356 In order to minimize the dehydration of the 
cargo and the frosting of the cooling elements, it is recom- 
mended that the cooling appliances in each chamber should 
be designed to maintain the required minimum tempera- 
ture under the maximum external conditions with a mean 
temperature difference of not more than 8° F. between 
the cooling medium and the chamber. 
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357 Where the joints of brine pipes are made by 
screwed couplings, the pipes, coupling and back nut threads 
are to be a good fit and the thickness of the pipes at the 
bottom of the screw thread is to be not less than 3/32nds 
of an inch. 


358 Where the joints of air cooler and grid piping 
are butt welded they are to comply with 337. 


359 Steel brine and refrigerant piping, grids, joint 
sleeves and coils within the refrigerated cargo chambers, 
or where embedded in insulation, or individually insulated 
are to be galvanized externally. Where brine pipes are 
connected by screwed couplings, the screw thread clear of 
the coupling is to be suitably coated or taped after erection 
to prevent corrosion. 


360 Brine tanks and piping should not be galvanized 
on the brine side. In cases where any parts of the brine 
system are so treated, the brine cooling and return tanks, 
if closed, are to be provided with a ventilating pipe or 
pipes led to the atmosphere in a location where no damage 
will arise from the gas discharged, and the ventilating 
pipes are to be fitted with wire gauze diaphragms which 
can readily be removed. Where the brine tanks are not 
closed, the compartments in which they are situated are 
to be efficiently ventilated. 


361 Means are to be provided for defrosting air 
coolers. 


362 Air coolers are to be provided with trays of suit- 
able depth arranged to collect all water condensate. The 
trays are to be provided with drains at the bottom so that 
the whole of the condensate can be drained away when 
the chambers are in service. 


363 Access arrangements to air cooler fans and fan 
motors are to be such that both fans and motors may be 
readily removed for repair or renewal when the chambers 
are loaded with refrigerated cargo. Access for servicing 
only is required in cases where duplicate fans and motors, 
each capable of the full duty, are installed ready for use; 
this also applies to centrifugal type fans but not to their 
motors. 


364 The air circulation system is to be arranged for 
positive air delivery to, or suction from, all parts of the 
chamber, including any space within hatch coamings. 


365 Where it is intended to carry fruit cargoes, 
which may be adversely affected by low temperatures, 
into sea areas where the temperature may be below the 
carrying temperature, facilities for heating the chambers 
are to be provided. 
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Air Refreshing Arrangements 

366 Where chambers are intended for the carriage 
of gas generating cargoes, air refreshing appliances are to 
be provided. 

The position of the air inlets is to be carefully selected 
to minimize the possibility of vitiated air from any source 
entering the chambers. Each chamber is to be provided 
with individual inlets and discharges, having airtight 
closing appliances. 


Section 4 
CARGO CHAMBERS 
Construction 
401 Each individual chamber is to be of steel con- 
struction throughout and hose-tested for tightness, or 
tested more thoroughly by gas and air under slight pressure 
when required by the Owners. 


402 At the request of Owners, special consideration 
will be given to the construction of divisional bulkheads 
of materials other than steel, between refrigerated cargo 
chambers where the chambers concerned are intended for 
cargoes which will not taint or otherwise adversely affect 
the cargo in any other chamber. 

Nove.— Gases given off by one description of fruit may adversely 
affect other descriptions by promoting rapid ripening. 

403 Hatch plugs and their supports, chamber, air 
cooler and other access doors, tonnage openings, bilge 
limbers and plugs are to be made as airtight as possible. 


404 Ventilators, ducts or pipes passing through 
refrigerated chambers to other compartments are to be 
made airtight and efficiently insulated. Ventilators to 
refrigerated spaces, if fitted, are to be provided with air- 
tight closing appliances. 


Airtightness of the Bulkheads and Decks 


405 Where refrigeration pipes pass through bulk- 
heads or decks of refrigerated cargo chambers they are not 
to be in direct contact with the steelwork, the holes through 
which they pass are to be true and of suitable finish for 
effectively sealing by the method intended. It is recom- 
mended that holes be trepanned and not burnt out. The 
airtightness of the bulkheads and decks is to be maintained 
(see also 408 and 418). Z 


Airtightness of Chambers 

406 The foregoing paragraphs, 401 to 405, are 
mainly concerned with infiltration of odours, gases, water 
vapour and air, which may taint or adversely affect the 
refrigerated cargo or the insulation, or cause undesirable 
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frosting of cooling equipment. With this object in view 
it is also recommended that insulation lining, bilge limbers 
and plugs, hatch plugs, chamber and access doors be con- 
structed of water vapour resisting material, or covered 
with such material, and sealed, where exposed to bilges 
or external conditions. 


Insulation 


407 Steelwork is to be thoroughly cleaned and 
coated in accordance with D 3004 and D 3005 and is to 
be examined for airtightness of fittings before insulation 
is applied. 

Insulating material approved by the Committee is to 
be used throughout, and the thickness of insulation over 
all surfaces and the manner in which it is supported are to 
be in accordance with the approved specification and plans. 

The insulation is to be efficiently packed and, where 
it is of slab form, the joints are to be butted closely together 
and staggered, unavoidable crevices being filled with 
insulating material. Bitumen should not be used for filling 
crevices, 


408 Pipes carrying the refrigerating medium are not 
to be in contact with the steel structure and are to be 
effectively insulated outside the chambers they serve, 
except within insulated brine cooler and control rooms 
(see also 405 and 413). 


Cross-references 

409 For insulation of oil storage tank tops and 
bulkheads, see E 341 and E 342. 

For pipes in refrigerated spaces, see E 416 and E 417. 

For drainage of refrigerated spaces and cooler trays, 
see E211 to E216. 


Protection of Insulation 


410 The insulation in way of the hatchways and 
about 2 feet beyond on the tank top and the tunnel top 
is to be protected with hardwood sheathing about 2 inches 
thick, or to have similar protection. 


Access Plugs and Panels 

411 Insulated plugs are to be provided in the insula- 
tion where required for easy access to the bilges, bilge 
suction roses, cooler and space drains and tank manhole 
doors. Removable panels are to be provided for access to 
tank air and sounding pipes and drains. 

It is recommended that, where no air space is provided 
below the insulation on the tank tops and the floor covering 
above the insulation is reinforced asphalt, a number of 
small insulated inspection plugs be fitted for leakage 
detection. 


REFRIGERATED CARGO INSTALLATIONS 


Where “loose fill’? insulation is fitted and lined with 
metal it is recommended that airtight inspection plates 
be provided at the top of vertical surfaces to facilitate 
inspection and making good any settlement. 


Fire-resisting Insulation 

412 The insulation in way of coal bunkers and of 
any surfaces exposed to excessive heat is to be of approved 
fire-resisting material. Where wood grounds are used for 
supporting insulation, asbestos strips are to be fitted 
between the wood grounds and the steel-work to which 
they are attached. 


Where pipes carrying the refrigerating medium pass 
through bunkers the pipes may be packed with granulated 
cork but there is to be a thick outer covering of fire- 
resisting material and the whole is to be protected by 
steel plates which are to be sealed for airtightness. 


Watertight Bulkhead Fittings 

413 Where cooling pipes pass through watertight 
deck plating and bulkheads, the pipes are not to be in 
contact with the steelwork, and the fittings and packings 
of the glands are to be both fire-resisting and watertight 
(see also 405 and 408). 


Airtightness of Insulation Lining and Air Ducts 

414 Air ducts and insulation linings are to be so 
constructed and fitted that moving air is prevented from 
entering the insulation. Special care is necessary where 
cooling pipes, air refreshing ducts, fan supports, etc., 
protrude through the lining. 


Cargo Battens 


415 Cargo battens of about 2 inches x 2 inches and 
spaced approximately 15 inches apart are to be secured 
to the vertical surfaces of the chambers clear of air ducts, 
screens and cooler casings, and are to be fitted to suit 
the air flow. The outer edges of the battens are to be 
chamfered. 


416 Cargo battens of not less than 3 inches x 
3 inches are to be secured over the tunnel top insulation. 


Stiffening of Insulation Linings and Air Ducts 


417 Insulation linings and air screens on the sides 
of chambers are to be suitably stiffened to prevent crushing 
by cargo, in particular where ship sides are curved inwards 
and according to the nature of the cargo, whether general 
or refrigerated, which the Owners intend to carry in the 
chambers. Air duct sides or insulation linings which may 
have to support heavy loads are to be constructed to 
Owners’ requirements. 
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Thermometers 


418 Thermometers are to be of approved type, 
number and position in each chamber. 


419 Thermometer tubes with their flanges and covers 
are to be insulated from the deck plating, and on weather 
decks they are to be so arranged that water will not run 
down the tubes when taking the temperatures. 


420 The inside diameter of thermometer tubes is 
to be not less than 2 inches and the tubes are not to be 
in contact with cold decks. 


421 Where thermometer tubes pass through com- 
partments other than that which they serve, they are to 
be efficiently insulated. 


Galvanizing of Fixtures 


422 All steel bolts, nuts, hangers, brackets and 
fixtures which support or secure cooling appliances, 
insulation, meat rails, etc., are to be galvanized. 


TESTS AFTER COMPLETION 
Thermometers 
501 All thermometers provided for measuring 


chamber, air suction and air delivery temperatures are to 
be checked for accuracy by the contractors and a state- 
ment handed to the Surveyors. The Surveyors may use 
their discretion as to whether check tests are necessary. 


Air Cooler Fan Outputs and Air Circulating Arrangements 


502 Air cooler fans are to be tested by the con- 
tractors after the air circulating system has been com- 
pleted and a statement of the results for each chamber 
handed to the Surveyors. The statement is to show the 
static pressure, the cubic feet of air circulated per minute, 
the fan speed and the power consumption. The air circula- 
tion arrangements in the chambers are to be checked for 
distribution. 


Refrigeration Test 


503 All plant 
conditions. 


is to be tested under working 


Before the commencement of the test the Surveyors 
are to satisfy themselves that the electrical instruments, 
gauges and thermometers are accurate. 
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Where the minimum approved temperature required 
is the same in all chambers, or the difference is not greater 
than 5° F., the chambers are to be reduced in temperature 
simultaneously to not less than 2° F. below the lowest 
temperature required. As a minimum of 40° F. between 
the chamber and external temperatures is advisable it 
may be necessary to lower the chamber temperature 
further, but this should not be reduced below minus 20° F. 


Where the temperature required in the separate 
chambers varies and the difference is greater than 5° F., 
each chamber is to be reduced in the manner described 
so that the normal temperature difference between the 
separate chambers is approximately maintained. 


During the test the air cooler and air stirring fans 
are to operate at about maximum speed. 


When the required temperatures have been attained, 
they are to be maintained constant by shutting down 
units and reducing the speed of the compressors remain- 
ing in continuous operation until the evaporating, con- 
densing and brine (if used) temperatures and the speed 
of the compressor(s) are also steady, and this condition 
is to be maintained for a period of six hours, or longer if 
found necessary. 


504 From the time the required temperatures have 
been attained, to the end of the test, all relevant tempera- 
tures and pressures are to be recorded at hourly intervals 
together with the speed and power consumption of the 
compressors and fan motors, and the power consumption 
of the brine and cooling water pumps. 


505 Where an installation is to be completed and 
tested during a period when extremely low external 
temperatures are probable, and a reasonable difference 
between the chamber and external temperatures will not 
be possible without reducing the chamber temperatures 
below minus 20° F., or where the refrigerating machines 
are driven by constant speed motors, the case is to be 
submitted to the Committee for special consideration, and 
a test with the use of heaters may be required. 


506 In cases where it is reasonable to believe that 
the refrigerating plant is inefficient an output test on the 
plant may also be required. 


Air Cooler Defrosting Arrangements 


507 The cooler defrosting arrangements are to be 
tested. 
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SPARE GEAR 


The following spare gear will be required in all 


1 fan impeller of the propeller type of each size ~ 
used. 


1 set of the wearing parts of the crank shaft seals 
for each compressor where the crank case is 
subject to the refrigerant pressure. 


1 set of crank shaft coupling bolts of each size 


used. 


1 set of motor coupling bolts and washers, of each 
size used. 


1 compressor piston with piston or connecting rod 
complete, of each size used. 


1 complete assembly of each size of compressor 
suction and delivery valve. 

1 complete set of packing for CO, compressor piston 
rod glands of each size used. 


1 set of the working parts, together with packing 
and piston leathers, for the lubricating oil pump 
for CO, compressor rod glands. 

1 gas regulator valve of each size used. 

1 float regulator assembly of each size used. 

1 set of suction and delivery valves for cooling 
water, air and brine pumps, of each size used. 

1 set of driving belts of each size used. 

Sundry lengths and bends of piping together with 

flanges, couplings and screwing appliances. 

Sundry cocks, valves, flanges and fittings. 

Assorted bolts, nuts, studs, packing and joint rings. 


5 per cent. of the total number of electrical or tube 
thermometers, but not less than two of each. 


Not less than two standard thermometers of the 
necessary temperature range. 


1 spare battery for each electric thermometer 
indicator fitted. 


1 hydrometer, where brine is the cooling medium. 


1 halide lamp leak detector, where dichlorodifluoro- 
methane or monochlorodifluoromethane is the 
refrigerant. 


2 safety valve springs of each size used. 


6 safety discs of each size used, 
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In cases where approval is given to alternative 
arrangements under N 104, additional spare gear may be 
required according to the circumstances of the case. 


602 Where steam driven air circulating fans are 
fitted, the following spare gear will be required:— 
For each size used :— 
1 crank shaft. 
1 steam piston and rod complete. 
1 steam cylinder cover. 
1 set of connecting rod top and bottom end bearing 
bushes, and bolts complete. 


603 Where the refrigerating machines are direct 
driven by steam engines or by oil engines, the spare gear 
is to be in accordance with Chapter K. 


604 Where any component of the refrigerating plant 
is electrically driven the spare gear is to be in accordance 
with M 2403, and in the case of fan motors, M 2405, except 
where a duplicate fan motor (see N 363) is installed ready 
for use. 


605 It is assumed that the Owners will arrange for 
the necessary reserve supply of the refrigerant, calcium 
chloride and oils for the voyage intended. 
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INSTALLATIONS NOT CONSTRUCTED UNDER 
SURVEY 


701 When classification is desired for an installation 
not constructed under the supervision of the Society’s 
Surveyors, application is to be made to the Committee in 
writing. 

702 Full particulars and plans are to be forwarded for 
consideration, together with the particulars of the materials 
of the crankshafts, pressure vessels and pressure piping. The 
requirements of N 202 are to be used for guidance in regard 
to the information required. 


703 A special examination is to be made at least to the 
extent required for Subsequent Special Surveys. (See N 860 
to N 865.) 


704 The thickness and material of the insulation, 
the particulars of the frames, beams, stiffeners and other 
steel work within the insulation, the air coolers and/or 
chamber grid piping, the compressors, evaporators and 
condensers are to be verified, and the particulars of the 
other components of the refrigerating plant are to be verified 
so far as practicable. 
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705 The installation is to conform with the require- 
ments of N 3, N4 and N 6, so far as applicable. 


706 A test is to be carried out in accordance with 
N 503 to N 505, and air circulation arrangements in the 
chambers are to be checked for air distribution. 


Section 8 


PERIODICAL AND OTHER SURVEYS 


Incidence of Surveys 

801 For the retention of the class assigned instal- 
lations are to be subjected to the periodical surveys 
specified in the following paragraphs. 


802 Where desired by the Owners, the Intermediate 
and Running Surveys may be held at shorter intervals than 
those specified in 805 and 806, for a fresh record of Survey 
and the issue of a new Certificate. 


803 A Loading Port Survey, as detailed in 814 to 
818, is to be held at the loading port every voyage in the 
case of ships engaged on voyages of more than two months’ 
duration, but where the voyages are of shorter duration, 
this survey need only be held at intervals of two months, 
provided the cargoes carried are of such a nature as not to 
damage the insulation or appliances in the insulated 
chambers nor to affect by taint or mould the refrigerated 
cargoes subsequently loaded. 


804 A Biennial Survey as detailed in 819 to 843, 
is to be held, the first 2 years after the date of the survey 
for Classification, and thereafter two years from the date of 
the previous Biennial Survey. 


805 An Intermediate Survey as detailed in 
844 to 846 is to be held about twelve months after the date 
of the survey for Classification and about twelve months after 
each Biennial Survey. 


806 Running Surveys as detailed in 847 to 851 may 
be held, if desired by the Owners, at intervals not exceeding 
twelve months in lieu of the Intermediate and Biennial 
Surveys. 


807 A Special Survey as detailed in 852 to 865, 
is to be held at 4-yearly intervals, the first 4 years after the 
date of the survey for Classification, and thereafter four years 
from the date of the previous Special Survey. The require- 
ments of 856 to 859 of this survey should be carried out 
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whenever possible at the time of the Special Surveys pre- 
scribed in B 8, except in the case of small installations where 
major parts of the ship’s structure are not involved. 


A Special Survey will normally become due at the same 
time as a Biennial or a Running Survey, but when they do 
not coincide and the other Periodical Surveys are held within 
the specified intervals the requirements of 853 to 859 and 
861 to 865 only, of the Special Survey will be necessary, but 
the date assigned to the Special Survey will be that of the 
Biennial or the Running Survey. 


When it is inconvenient for Owners to fulfil the Special 
Survey requirements at the due date, the Committee will be 
prepared to consider its postponement, either wholly or in 
part, for a period not exceeding twelve months from the due 
date, provided the other Periodical Surveys continue to be 
held at the specified intervals. 


Survey of Repairs 

808 Where any essential repairs and/or renewals are 
effected to an installation, these are to be carried out under 
the supervision, and to the satisfaction, of the Society’s 
Surveyors. Repairs and renewals effected at ports where 
there is no Surveyor to this Society are to be surveyed by 
one of the Society’s Surveyors at the earliest opportunity. 


Alterations and Additions 


809 Plans and particulars of any proposed alterations 
or additions to the refrigerated cargo chambers or refrig- 
erating plant are to be submitted for approval, and the work 
is to be carried out under the supervision and to the 
satisfaction of the Society’s Surveyors. 


Record of Surveys 


810 The date following the class notation Lloyd’s 
RMC on the certificate indicates the date of the last 
Biennial Survey thus:— Lloyd’s RMC 2,54, and the date 
under this notation indicates the date of the last Inter- 


mediate Survey thus :—Lloyd’s RMC 2,54. These dates 
12,54, 
will be recorded in the appropriate columns of the Supple- 


ment to the Register Book. 

811. When Running Surveys are held in lien of Biennial 
and Intermediate Surveys this will be indicated by the class 
notation Lloyd’s RMC (RS) (with date). This date will be 
recorded in the appropriate column of the Supplement to 
the Register Book. 

812 The date of the last Special Survey will be 
indicated by the notation SRMC (with date). This date will 
be recorded in the appropriate column in the Appendix to 
the Register Book and the Supplement. 


N 808 - N 819 


Notice of Surveys 

813 It is the responsibility of Owners to ensure that 
all surveys necessary for the maintenance of class are 
carried out at the proper time under the supervision of the 
Society’s Surveyors. 

It is, however, the normal practice of the Society to give - 
timely notice to Owners when Periodical Surveys of Refrig- 
erated Cargo Installations become due, but the non-receipt 
of such notice does not absolve Owners from this responsibility. 


Loading Port Surveys 

814 The chambers are to beexamined in an empty state 
to ascertain that they are clean and free from odour which may 
adversely affect the cargo to be loaded, that the brine or other 
refrigerant pipe grids, cooler coils and connections are free 
from leakage, that the fixed cargo battens on the vertical 
surfaces are in good order, that cargo gratings or dunnage 
battens are provided for the floors or decks as required to suit 
the class of cargo, and that no damage has been sustained 
to the insulation or its lining prior to the loading of the 
refrigerated cargo. Any indications of defective insulation 
not considered to warrant immediate attention should be 
noted and specially reported. 


815 The Surveyor is to satisfy himself that all 
scuppers and bilge suctions draining insulated spaces are in 
good working order, and that the liquid seals are primed. 


816 The refrigerating installation is to be examined 
under working conditions, and the temperatures in the 
cargo chambers are to be noted. 


817 If the ship loads at more than one port, one survey 
only at the first loading port 'will be required, provided it 
includes the examination of all the chambers which are to be 
used for refrigerated cargo during the voyage and general 
cargo is not subsequently carried in any of the chambers 
prior to loading the refrigerated cargo. 


818 If there is no Surveyor to the Society available 
at the loading port(s), or if there is none obtainable from 
a port within a reasonable distance, the Committee will 
accept the report of a survey held at the loading port by a 
surveyor appointed by Lloyd’s Agent; or in any case where 
there is no Lloyd’s Agent, the report of a survey held by 
a reliable surveyor, if available; if no such surveyor is 
available, a report signed by two competent engineers of 
the ship will be accepted. 


Biennial Surveys 


819 Whenever possible the machinery in use is to be 
examined under working conditions on the ship’s arrival at 


REFRIGERATED CARGO INSTALLATIONS 


the port of discharge before the refrigerated cargo is unloaded, 
irrespective of whether any further part of the survey is to 
be held at the port. 


820 The entries in the ship’s refrigeration logbook are 
to be examined in order to ascertain whether the performance 
of the installation has been satisfactory during the voyage. 
Breakdowns, irregularities in the working of the plant, or 
the too frequent or lengthy defrosting of air coolers, are to 
be noted and reported. This requirement may be carried 
out after the completion of the discharge before the examin- 
ation of the cargo chambers. 

When refrigerated cargo has not been carried during 
the voyage immediately prior to the survey the last records 
are to be examined. 


821 Should the entries in the logbook show that the 
load on the plant is generally above the normal for the duty 
involved during the voyage, steps are to be taken to deter- 
mine the cause and have it dealt with as found necessary. 


822 The cargo chambers are to be examined for 
condition throughout, with the bilge and manhole plugs 
removed in the lower holds. Any indication of dampness or 
leakage into the insulation from tanks, piping within the 
insulation, scuppers, decks, hatchways or other sources, or of 
deterioration of attachments and supports of insulation and 
linings, air ducts, grids or meat rails, is to be investigated 
and any such defects rectified. 


823 Where no air space is provided below the insula- 
tion on tank tops and there is no effective means of detecting 
leakages into the insulation, the floor covering is to be 
drilled and the insulation tested. Tank and tunnel top 
insulation in way of hatchways is to be similarly tested where 
dampness is evident. 

824 Where chambers are cooled by forced air circula- 
tion and parts of insulation linings or air ducts are removed 
or repaired, care is to be taken that all joints are sealed 
to prevent air blowing into the insulation. 


825 Air ducts, air cooler casings, insulation linings 
and protrusions through the linings are to be examined as 
far as practicable for condition, and special attention is to 
be given to the prevention of air blowing into the insulation. 
Where asphalt or similar material is used for floor covering, 
the junction with the insulation lining is to be examined for 
shrinkage which may cause air leakage into the insulation. 


826 Where there is no evidence in the logbook of an 
abnormal load on the plant or on individual coolers or 
chamber grids, and there is no visible indication of insula- 
tion defects, the removal of parts of air ducts and insulation 
linings, and the drilling of linings is not required on vertical 
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and overhead surfaces of chambers cooled by forced air 
circulation. The Surveyor should use his discretion as to 
whether the linings on these surfaces should be drilled. in 
grid-cooled chambers having regard to the nature of the 
insulation and the material with which it is lined. 


827 All test holes are to be effectively closed. 


828 Hatch plugs and supports, chamber and access 
doors and their frames, air refreshing pipe and ventilator 
closing appliances, bilge and manhole plugs are to be 
examined for condition and airtightness. Thermometer 
tubes, their connections and fastenings are to be examined. 


829 The bilges are to be cleaned ; suction pipes, suction 
roses, sounding pipes and scupper non-return valves are to 
be examined. The Surveyor is to satisfy himself that all 
scuppers draining the chambers and air cooler trays are in 
good working order. 


830 Cooling grids, air cooler coils, cooler trays and 
fans are to be examined. The Surveyor is to satisfy himself 
that sections of cooler coils or grids are not choked or par- 
tially choked. 

831 Brine or water refrigerant pipe grids and cooler 
coils are to be tested to 1} times the working pressure or 
40 lb. per square inch, whichever is the greater. 


832 Primary refrigerant pipe grids and cooler coils 
with their valves and connections are to be examined whilst 
under the refrigerant pressure prevailing in the system at the 
time of the survey, with the plant at rest and the regulating 
valves opened sufficiently to obtain an approximate balance 
of pressure throughout the system. 


833 The insulation of pipes carrying the refrigerating 
medium (service pipes, mains, leads and returns) between the 
chambers and the plant andjor control rooms are to be 
examined. 


834 Where the refrigerating machinery or its aux- 
iliaries are electrically driven a general examination of all 
the motors and their control gear and cables is to be made 
and the insulation resistance measured. The insulation 
resistance is to be not less than 100,000 Ohms, and for the 
purpose of this test, each item may be taken separately. 
Where the Owners employ competent and reliable staff or 
an electrical contractor, the Surveyor may consult their 
records and, at his discretion, accept megger tests carried 
out by them. 

Generating plant supplying electric power to the refrig- 
erating machinery is to be examined generally, including the 
plant in operation. The ship’s records of examination, over- 
haul and repair are to be sighted; if no records are available, 
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the ship’s personnel are to be consulted in regard thereto. 
Any part of the plant is to be opened up for examination 
which the Surveyor may consider necessary. In the case of 
ships which are not classed with the Society, the Surveyor 
is also to ascertain that periodical examinations of the 
working parts continue to be held by the Classification 
Society concerned. 


835 The primary refrigerant gas and liquid pipes, 
separators, receivers, driers, filters, condenser and evapor- 
ator coil terminals of the “coil in casing” type, and the shells 
of the “shell and tube” type, heat exchangers and all other 
pressure parts of the system are to be examined externally so 
far as practicable. : 


836 The refrigerating plant spare gear is to be 
examined. 


837 ‘The thermometers required by N 418 for measur- 
ing the chamber, air suction, and air delivery temperatures, 
are to be examined, and where repairs or renewals are found 
necessary, the thermometers concerned are afterwards to be 
tested for accuracy. Each thermometer is to be tested for 
accuracy at intervals not exceeding the period between 
Special Surveys; it is not necessary that all are tested at 
one time. The Surveyor may, at his discretion, accept the 
results of thermometer tests carried out by competent staff 
or by a contractor employed by the Owners. Records of 
tests for accuracy are to be available on board the ship. 

Norr.—In a number of ships, thermometers of a type not approved 
emer ceerer eee 

838 The water end covers of “shell and tube” type 
gas condensers are to be removed and the tubes and tube 
plates are to be examined. 


839 All reciprocating. refrigerating machines includ- 
ing those provided for primary refrigerant liquid cooling are 
to be opened up; the cylinders, valves and seats, crankshafts, 
connecting rods, pistons and piston reds, and all bearings are 
to be examined. The lower halves of. main bearings need not 
necessarily be exposed if the Surveyor is satisfied with the 
alignment and wear. 'The lubricating arrangements are also 
to be examined. 


840 Where the refrigerating machinery is driven by 
steam or internal combustion engines, all the working parts 
of the engines are to be opened up and examined, including 
all pumps directly driven by the driving engines, in a similar 
manner to that specified for the refrigerating machines 
(see 839). 
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Steam condensers exclusive to the refrigerating plant 
driving engines are also to be examined and, if considered 
necessary, they are to be tested. 


841 The working parts of all independent gas 
condenser cooling and brine circulating pumps are to be 
examined. Where the standby condenser cooling pump is one - 
of the pumps used for other purposes, this pump is also to 
be examined. 


842 In the case of steam jet vacuum refrigerating 
plants, which provide the cooling medium circulated through 
the chamber cooling appliances, the flash chambers and water 
spray arrangements, the thermo-compressor steam chambers 
and nozzles, the condensers, the cooled water circulating, 
the condenser cooling, the condensate extraction pumps, and 
the air pumps or ejectors are to be examined and, if 
considered necessary, the condensers are to be tested. 


843 At intervals of 6 years from the date of construc- 
tion, the steam pipes to steam engines driving refrigerating 
machinery and to steam jet vacuum refrigerating plants are 
to be examined and those pipes over 3 inches internal dia- 
meter are to be included in the survey required by © 9. 

In the case of installations on unclassed ships, the 
Surveyors are to ascertain whether the steam pipes have been 
similarly dealt with by the Classification Society concerned, 
and if not, arrangements are to be made for the examination 
and tests in accordance with © 9. 


Intermediate Surveys 
844 All the requirements of 819 to 837 (Biennial 
Survey) are to be complied with. 


845 ‘The water end covers of one of the “shell and 
tube” type gas condensers are to be removed and the tubes 
and tube plates are to be examined; if the Surveyor con- 
siders it necessary the other condensers of the same type 
are to be similarly treated. 


846 The whole of the plant referred to in 839 to 842 
is to be generally examined and any part is to be opened 


up for examination which the Surveyor may consider 


necessary. Any component opened up for overhaul at the 
time of the survey is also to be examined. 


Running Surveys 

847 All the requirements of 819 to 837 (Biennial 
Survey) and 845 to 846 (Intermediate Survey) are to be 
complied with. 

848 The tubes and tube plates of each “shell and 
tube” type gas condenser are to be examined at intervals 
not exceeding two years. 


REFRIGERATED CARGO INSTALLATIONS 


849 The plant referred to in 839 to 842 (Biennial 
Survey) is to be opened up and examined in rotation so 
that the whole of the plant is examined within each period 
of two years, but one of the main refrigerating machines 
and, where applicable, its steam or internal combustion 
driving engine, one of the condenser cooling pumps and, 
where applicable, one of the brine circulating pumps, are to 
be examined either at each survey or within the previous 
six months. 

In the case of steam jet vacuum refrigerating plants 
which provide the cooling medium circulated through the 
chamber cooling appliances, one of the flash chambers with 
its water spray arrangements, one of the thermo-compressor 
steam chambers and nozzles, one of the condenser cooling 
water pumps and one of the cooled water circulating pumps 
are to be examined either at each survey or within the 
previous six months. 


850 A survey book is to be kept on board the ship to 
show the date of examination of the various parts, and is to be 
signed by the Surveyor on the occasion of each survey. 


851 At intervals of six years from the date of con- 
struction the steam pipes to steam engines driving refriger- 
ating machinery and to steam jet vacuum refrigerating 
plants are to be examined, and those pipes over 3 inches 
internal diameter are to be included in the survey required 
by © 9. 

In the case of installations on unclassed ships, the 
Surveyors are to ascertain whether the steam pipes have 
been similarly dealt with by the Classification Society con- 
cerned, and if not, arrangements are to be made for the 
examination and tests in accordance with © 9. 


First Special Survey 

852 All the requirements of 819 to 843 (Biennial 
Survey) are to be complied with except where the surveys 
are being held in accordance with 806, when the require- 
ments of 847 to 851 (Running Survey) are to be complied 
with. 

853 Where the refrigerating machinery is driven by 
internal combustion engines and independent air com- 
pressors and air receivers exclusive to the refrigerating 
plant are installed, the working parts of the compressors and 
their intercoolers and safety devices are to be examined. 
The air receivers with their mountings, valves and safety 
devices are to be cleaned internally and examined internally 
and externally. If internal examination of the air receivers 
is not practicable, they are to be tested hydraulically to 
twice the working pressure. 
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854 The Surveyor is to satisfy himself that all 
pressure relief valves andjor safety discs throughout the 
refrigerating plant are in good order. No attempt, 
however, should be made to test primary refrigerant 
pressure relief valves on board ship. 


855 In the case of steam jet vacuum refrigerating 
plants installed for sub-cooling the primary refrigerant 
liquid, the flash chambers and water spray arrangements, 
the thermo-compressor steam chambers and nozzles, the 
condensers, the cooled water circulating, condenser cooling 
and condensate extraction pumps, and the air pumps or 
ejectors are to be examined and, if considered necessary, 
the condensers are to be tested. 


856 Sufficient insulation is to be stripped from pipes 
carrying the refrigerating medium at various points of the 
system particularly in bunkers or near boilers, on decks or 
where buried in hold insulation, to permit of the condition 
of the pipes being ascertained. Care is to be taken that 
on replacement the seal of the outer covering over the 
insulation is made good where the pipes are exposed to 
atmospheric conditions, particularly in bunkers, in accor- 
dance with N 412. 


857 Sufficient air trunking and insulation lining is 
to be stripped from the chamber overhead and vertical 
surfaces to permit of the condition of the insulation, in- 
sulation linings, grounds, supports, hangers and fixtures 
which support the insulation, grids, meat rails, ete., being 
ascertained. Care is to be taken that on replacement the 
ducts and linings are sealed against air blowing into the 
insulation. 


858 Sufficient tank top insulation is to be stripped to 
permit of the condition of the grounds and inner insulation 
lining being ascertained. 


859 Sea connections to condenser cooling water 
pumps are to be opened up and examined. 


Subsequent Special Surveys 
860 All the requirements of 852 to 859 (First Special 
Survey) are to be complied with. 


861 The coils of gas condensers and evaporators 
(brine coolers) of the “ coil-in-casing” type are to be drawn 
for examination where this is reasonably practicable. In the 
case of condensers and evaporators which are unwieldy or 
where there is insufficient head room, an examination of the 
coils is to be made in place, through the openings in the 
casings. 
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The coils of the condensers are to be tested to a 
pressure of 250 lb. per square inch for methyl chloride or 
dichlorodifluoromethane systems, 1,000 lb. per square inch 
for ammonia and monochlorodifluoromethane systems and 
2,000 lb. per square inch for carbon dioxide systems. 


The coils of the evaporators are to be tested to a 
pressure of 200 Ib. per square inch for methyl chloride or 
dichlorodifluoromethane systems, 500 Ib. per square inch 
for ammonia and monochlorodifluoromethane systems and 
1,500 Ib. per square inch for carbon dioxide systems. 


862 Gas condensers of the “shell and tube” type are 
to have the water or brine end covers removed and are to be 
tested to a pressure of 250 lb. per square inch for methyl 
chloride or dichlorodifluoromethane systems, and 400 Ib. per 
square inch for ammonia and monochlorodifluoromethane 
systems. 


Gas evaporators (brine coolers) of the ‘shell and tube” 
type are to have the brine end covers removed and are to be 
tested to a pressure of 200 Ib. per square inch for methyl 
chloride or dichlorodifluoromethane systems and 300 Ib. per 
square inch for ammonia and monochlorodifluoromethane 
systems. 


863 Primary refrigerant liquid sub-cooling coils in 
flash chambers of steam jet vacuum refrigerating plants 
are to be examined and tested to the same pressure as that 
required for condensers in 861. 


864 Where brine or water is used for sub-cooling the 
primary refrigerant liquid in heat exchangers of the ‘ shell 
and tube” type, the heat exchangers are to be examined and 
tested in the same manner as that required for condensers 
in 862. 

“Double pipe ” type heat exchangers are to be examined 
so far as practicable with the gas piping under the same 
pressures as that required for condensers in 862 and the 
water or brine from the outlets is to be tested for gas 
leakage. 


Other type of heat exchangers using brine or water are 
to be examined and tested at the discretion of the Surveyor 
according to the design of such equipment. 


865 Primary refrigerant chamber grids or air cooler 
coils are to be tested in place to a pressure of 100 lb. per 
square inch for methyl chloride or dichlorodifluoromethane, 
150 lb. per square inch for ammonia or monochlorodifluoro- 
methane systems, and 1,000 lb. per square inch for carbon 
dioxide systems. 
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Section 9 
PORTABLE REFRIGERATED CARGO CONTAINERS 


General 

901 Portable refrigerated cargo containers intended 
to be carried on the Owners’ ships, and loaded and dis- 
charged on board, which comply with N1 to N 8, in so 
far as they are applicable, except as provided in the 
following paragraphs will be included in the installations 
covered by B 901 and B 902. 


902 The Shipowners’ name and an identification 
number are to be clearly marked on each container. It is 
also to be indicated on the container that it is not to be 
lifted in a loaded condition. 


903 A log book showing the particulars of the 
refrigeration of the container during each voyage is to be 
maintained, and this is to be made available to the 
Surveyor at each of the surveys required by 917. 


Where the plant is operated by thermostatic control 
the intervals during which the machinery is working and 
at rest should be recorded occasionally, particularly during 
the period of maximum external temperature conditions 
of each voyage. 


Class Notation 

904 The class notation will be in accordance with 
N1 except that where the refrigerant condenser is air 
cooled the class notation shown in N101 will give the 
maximum ambient temperature instead of the maximum 
sea temperature, e.g., “to maintain temp. 10°F. with 
ambient temp. 104° F. maximum’’. 


Where the refrigerating machinery is electrically 
driven and dependent on the ship’s generators for power, 
the class assigned will be subject to suitable electric power 
being available at all times when the container is loaded 
with refrigerated cargo. 


Special Survey during Construction 
905 The requirements of N 2 are to be complied with 


‘in so far as they are applicable. 


Refrigerating Plant 
906 The requirements of N 3 are to be complied with 


in so far as they are applicable, except as modified by 
907 to 909. 


907 Where the refrigerant condenser is air cooled 
and the maximum gas discharge pressure is above the 
maxima specified in N 326 and N 330, the design pressure 
is to be correspondingly increased. 
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908 Where the design pressure is increased in 
accordance with 907, the test pressures specified in N 339 
are to be increased proportionately. 


909 Where “shell and tube” type evaporators (brine 
coolers) and condensers can be readily removed, the space 
for the withdrawal and renewal of tubes in accordance 
with N 348 will not be required. 


Cargo Space 

910 The external structure, including the door, is 
to be of robust design and constructed of, or covered with, 
water vapour resisting materials, and the joints are to be 
effectively sealed. The structure is to be carefully examined 
for tightness before the insulation is applied. The access 
door is to be airtight when closed. 


911 The containers are to comply with the require- 
ments of N 404 and N 405, N 407 and N 408, N 414 and 
N 415, N 417 and N 422 in so far as they are applicable. 


912 Drains of not less than ? inch bore are to be 
provided from the cargo space and air cooler trays, and 
the drains are to be fitted with means of closure operable 
from outside the cargo space. 


913 Thermometers are to be of approved type and 
position in the cargo space. Where thermometer tubes 


are provided the method of attachment is also to be 
approved. 


Tests after Completion 


914 The requirements of N 5 are to be complied with 
in so far as they are applicable. 


Spare Gear 


915 The spare gear is to be in accordance with N 6 
in so far as that Section is applicable. 


Containers not Constructed under Survey 

916 The requirements of N7 are to be complied 
with in so far as they are applicable, except as amended 
by this Section. 


Periodical and other Surveys 


917 For the retention of the class assigned periodi- 
cal and other Surveys are to be carried out in accordance 
with N 8 except as modified in the following paragraphs. 


Loading Port Surveys 


918 The requirements of N 814 and N 816 are to 
be complied with and, in addition, the Surveyor is to 
satisfy himself that the container is placed on board in 
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such a position as to provide free access to the container 
by the ship's personnel for servicing the refrigerating 
plant and noting the temperatures; and, where the 
refrigerant condenser is air cooled, to allow free flow 
of fresh air to, and heated air from, the condenser. 


919 Generating plant supplying power and the 
cables and connections to the refrigerating machinery are 
to be examined generally. 


920 The Surveyor is also to satisfy himself that the 
drains from the cargo space and air cooler trays are clear 
and the closing devices are in order. 


Biennial Surveys 
921 All the requirements of N 819 to N 828, and 


N 830 to N 841, except the second paragraph of N 834, 
are to be complied with in so far as they are applicable. 


922 The cargo space and air cooler tray drains and 
their closing devices are to be examined. 


Intermediate Surveys 

923 All the requirements of N 819 to N 828 and 
N 830 to N 837, except the second paragraph of N 834, 
and those of N 845 and N 846, and 922 are to be complied 
with in so far as they are applicable. 


Running Surveys 

924 All the requirements of N 819 to N 828 and 
N 830 to N 837, except the second paragraph of N 834, 
and those of N 845 and N 846, N 848 to N 850, and 922 
are to be complied with in so far as they are applicable. 


925 Where one refrigerating unit only is installed 
the Running Survey system cannot be adopted. 


First Special Survey 

926 All the requirements of N 853 to N 857 in so 
far as they are applicable and, in addition, those of 921 
and 922 (Biennial Surveys) or, where the surveys are 
being held in accordance with N 806, those of 924 (Running 
Surveys), are to be complied with. 


927 Sufficient covering and insulation is to be stripped 
from the floor of the container to permit of the condition 
of the insulation, grounds and structure being ascertained. 


Subsequent Special Surveys 


928 All the requirements of N 861 to N 865, in so 
far as they are applicable, and, in addition, those of 926 
and 927 are to be complied with. 
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QUALITY AND TESTING OF MATERIALS 


Note:— For list of steel manufacturers see Appendix to this Chapter. 


Section 1 
SHIP AND BOILER STEEL 
Approval of Works 


101 The steel used in the construction of ships or 
boilers intended for ships classed, or proposed for classifi- 
cation, in the Society’s Register Book, is to be made at 
Works recognised by the Committee and is to comply with 
the requirements and tests prescribed in these Rules. 


Process of Manufacture 
102 The steel is to be made by the open hearth, 
electric furnace, or other process approved by the Committee. 


Freedom from Defects 

103 The steel is to be reasonably free from segrega- 
tions and non-metallic inclusions. The finished material is 
to be free from cracks, surface flaws, and lamination. It is 
also to have a workmanlike finish, and must not have been 
hammer-dressed. 


Testing and Inspection 

104 The prescribed tests and inspections are to be 
made at the place of manufacture prior to despatch; but, in 
the event of any of the material proving unsatisfactory in 
the course of being worked into ships or into boilers, such 
material shall be rejected, notwithstanding any previous 
certificate of satisfactory testing, and such further tests of 
the material from the same charge may be made as the 
Surveyor may consider desirable. 

105 All test pieces are to be selected by the Surveyor 
and tested in his presence, and he is to satisfy himself 
that the prescribed conditions are fulfilled. 


Additional Tests before Rejection 

106 Where any of the test pieces first selected by the 
Surveyor do not fulfil the test requirements, two further tests 
of the same kind may be made from the same plate or bar, 
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but where either of these fail, the plate or bar from which 
the test pieces were cut is to be rejected. In all such cases 
further tests are to be made before any material from the 
same charge can be accepted. 

Particular requirements apply to impact tests where 
these are specified. (See P 5). 


107 Where a tensile test piece breaks outside the 
middle half of its gauge length, and the elongation is less 
than that required by the Rules, the test may, at the 
maker’s option, be discarded and another test be made of 
the same plate or bar. 


Branding 


108 Every plate and bar is to be clearly 
and distinctly marked by the maker in two 
places with the Society’s brand, thus:— 
indicating that the material has complied with 
the Society’s tests. (See also P 5). 


109 Plates or bars bearing this brand are not to be 
forwarded from the steel works until the prescribed tests 
have been made by the Surveyor, and the mill sheets have 
been signed by him. All plates and bars are also to be 
legibly stamped in two places with the maker’s name or 
trade mark, and the place where made. They are also to be 
stamped with numbers or identification marks by which 
they can be traced to the charge from which the material 
was made. 


Defacing of Rejected Material 


110 In the event of the material failing, in any case, 
to withstand the prescribed tests, the Sur- 


veyor is to see that the Society’s brand stamped = 
on the plates and bars by the maker has been “i 
defaced by punch marks extending beyond itd : 
the brand in the form of a cross, thus :— F 


denoting that the material has been rejected. 


P101-P 110 


Chapter-P 


Maker’s Certificate 

111 Before the mill sheets are signed by the Surveyor 
the maker is required to furnish him with a certificate 
guaranteeing that the material has been made by an 
approved process, and that it has been subjected to, and has 
withstood satisfactorily, the required tests in the presence of 
the Surveyor. The following form of certificate will be 
accepted if printed on each mill sheet with the name of the 
firm, and initialled for the makers by an authorised official :— 


“We hereby certify that the material described 


below has been made by the...........seceeeees process 
(approved process to be stated) in accordance with the 
Rules of Lloyd’s Register for............... quality steel 


(approved quality type to be stated) and is that which 
has been tested in the presence of the Surveyor with 
satisfactory results.” 


Facilities for Inspection 

112 The maker is to adopt a system of marking the 
ingots, billets, slabs, plates, bars, and other material which 
will enable all finished material to be traced to the original 
charge, and the Surveyor must be given every facility for 
tracing all plates and bars to their respective charges, and 
for witnessing the required tests. When the Surveyor is 
satisfied with the material and with the results of the tests, 
he is to be furnished with two copies of the advice notes of 
the material for his signature, one of which is to be forwarded 
by the manufacturer to the shipbuilder or boiler maker, and 
the other is to be forwarded by the Surveyor to the Surveyors 
at the port where the ship or boiler is to be built. 


Steel not Produced where Rolled 


1138 Where steel is not produced in the works at which 
it is rolled, a certificate is to be supplied to the Surveyor, 
stating the open hearth process by which it was made, the 
name of the steel maker who supplied it, also the numbers 
of the charges for reference to the books of the steel maker. 
The number of the charge is to be marked on each ingot or 
billet for the purpose of identification, and the finished plates 
and bars are also to be legibly stamped in two places with 
the maker’s name or trade mark, and the place where made. 
They are also to be stamped with numbers or identification 
marks by which they can be traced to the charge from which 
the material was made. 


Additional Tests 


114 In addition to the tests described hereafter the 
material may be subjected to further tests at the discretion 
of the Surveyors. 
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Alternative Proposals 

115 The Committee will be prepared to consider pro- 
posals for the use of steel having properties different from 
those prescribed in the Rules, provided full particulars of 
the properties and manufacture of the material are submitted 
for consideration. 


Section 2 


STANDARD TENSILE TEST PIECES 


General 

201 The tensile strength and ductility are to be 
determined from standard test pieces cut lengthwise or cross- 
wise from the rolled material. 
or otherwise treated before despatch, the test pieces are to be 
similarly and simultaneously treated with the material before 
testing. 


Plates 

202 Wherever practicable the rolled surfaces are to be 
retained on two opposite sides of the test piece. The elonga- 
tion is to be measured on a standard test piece having a 
gauge length of 8 inches. 


Where material is annealed 


203 For material more than °875 inch in thickness the 
width of the test piece between the gauge points is not to 
exceed 14 inches; for material *875 inch to ‘375 inch in 
thickness, inclusive, the width is not to exceed 2 inches; for 
material less than *375 inch in thickness the width is not to 
exceed 24 inches. In other respects the test pieces are to 
conform generally to the standard test piece A. 


TEST PIECE A 
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Round Bars 

204 Bars may be tested full size as rolled, or they may 
be turned down to a convenient size, and if tested 1 inch 
in diameter, or under, the test piece is to have a gauge length 
of eight times the diameter. Where enlarged ends are used, the 
length of the parallel portion is not to be less than nine times the 
reduced diameter of the test piece (see standard test piece B). 
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The sectional area of the test piece is not to be less 
than } square inch. 


TEST PIECE B 


3 ! 
' «x-~-Parallel for a length of not less than § times the dia meter.--- H 
« ~=With enlarged ends 


Parallel for a length of not less than 9 times-- > 
the reduced diameter. 


205 Where bars are above 1 inch diameter, and are 
tested full size as rolled, or have been turned down and the 
resulting test piece is above 1 inch diameter, a gauge 
length of four times the diameter may be used if preferred by 
the manufacturer, in which case an increased elongation will 
be required, as specified in P 6 and P 7. Where enlarged 
ends are used, the length of the parallel portion is not to be 
less than 4°5 times the reduced diameter of the test piece 
(see standard test piece C). 


TEST PIECE C 


; “—--~——— GAUGE LENGTH. — ———-—» | 
| ya — Parallel for a length of not less than 4 times the diameter. — > Il 


- With enlarged ends :—Parallel for a length of not less than 44 times — sy 
the reduced diameter. 
Straightening of Test Pieces 
206 Any straightening of test pieces A, B and C which 
may be required is to be done cold. 


Section 3 


BEND TESTS FOR SHIP AND BOILER STEEL 


Number of Bend Tests for Ship Steel 
301 A bend test is to be taken from each plate as 
rolled. 


One bend test is to be made from each type of section 
and from each diameter of bar in every batch of 5 tons 
or part of 5 tons rolled from the same charge with a 
minimum of two bend tests per batch. 


Number of Bend Tests for Boiler Steel 

302 Prares.—A bend test piece is to be taken from 
each plate as rolled. For plates exceeding 24 tons in weight 
one bend test piece is to be taken from each end. 


439 
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303 AncriE Bars.—A bend test is to be taken from 
each angle bar rolled. 


3804 Sray Bars.—A bend test is to be made where a 
tensile test is required. 


Bend Test Pieces 

305 Test pieces are to be sheared lengthwise or cross- 
wise from plates or bars, and are not to be less than 14 inches 
wide, but for small bars the whole section may be used. For 
rivet bars bend tests are not required. 


306 In all bend tests, the rough edge or arris caused 
by shearing may be removed by filing or grinding, and 
test pieces 1 inch in thickness and above may have the 
edges machined, but the test pieces are to receive no other 
preparation. The test pieces are not to be annealed or other- 
wise heat treated unless the material from which they are 
cut is similarly heat treated, in which case the test pieces 
are to be similarly and simultaneously treated with the 
material before testing. 


307 For small sectional material these bend tests may 
be made from the flattened bar. 


Bend Tests 

308 The test piece is to withstand, without fracture, 
being doubled over until the internal radius is equal to 1°5 
times the thickness of the test piece, and the sides are 
parallel. 

The bending may be performed either by pressure or by 
blows. 


Section 4 
SHIP STEEL (ORDINARY QUALITY) 


Chemical Composition 
401 ‘The steel is to contain not more than 06 per cent 
of sulphur or -06 per cent phosphorus. 


402 For plates having a thickness greater than 4 inch 
the manganese content is to be not less than 2°5 times the 
carbon content. 


403 The chemical contents referred to in 401 and 402 
are to be determined from ladle analyses. 


Number of Tensile Tests 

404 When the Surveyor is in constant attendance at 
the steel works one tensile test piece for plates or sectional 
material is to be taken from the finished material of each charge. 


P 205-P 404 
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Where the quantity of the material from one charge 
exceeds 25 tons, a second tensile test will be required. 
Additional tests are to be made for every variation in 
thickness of *15 of an inch in the plates or sectional bars 
from each charge. 


Tensile Tests 

405 Prarrs.—The tensile breaking strength of steel 
plates, determined from standard test pieces, is to be between 
the limits of 26 and 32 tons per square inch. For plates 
specially intended for cold flanging and marked for identifi- 
cation, the tensile strength is to be between the limits of 
26 and 30 tons per square inch. In the case of material for 
purposes in which tensile strength is not important, the 
tensile test may be dispensed with and the bend test only be 
made, if so specified by the builders and approved by the 
Committee. The elongation, measured on a standard test 
piece having a gauge length of 8 inches, is not to be less 
than 20 per cent for material of °875 inch in thickness and 
upwards, and not less than 16 per cent for material below 
*875 inch in thickness. . 


406 Anaies, BuLB ANGLES, CHANNELS, AND SIMILAR 
Secrions.—The tensile breaking strength of angles, bulb 
angles, channels, and similar sectional material is to be 
between the limits of 26 and 82 tons per square inch. In 
the case of material for purposes in which tensile strength is 
not important, the tensile test may be dispensed with and 
the bend test only be made, if so specified by the builders 
and approved by the Committee. The elongation, measured 
on a standard test piece having a gauge length of 8 inches, is 
not to be less than 20 per cent for material of *375 inch in 
thickness and upwards, and not less than 16 per cent for 
material below *375 inch in thickness. 


Cross-references 
407 For bend tests for shipbuilding steel see P 3. For 
special requirements for welded construction, see P 5, 


Occasional Attendance at Steel Works 

408 When the Surveyor is not-in constant attendance 
at the steel works, the makers themselves may, with the 
written authority of the Society, comply with ali the 
prescribed requirements, and furnish the Surveyor with 
a certificate to the effect that the Society’s Rules as to the 
testing of steel have been complied with in the case of the 
material submitted for approval. 


The Surveyor is then to make check tensile and cold 
bend tests from not less than one bar in every batch of 50 
or less in number, or not less than one plate in each batch 


P 405-P 502 


440) 


LLOYD’S REGISTER OF SHIPPING 


of 25 or less in number, provided the batch be all from 
one charge. 

Where more than one charge is represented, each charge 
is to be tested. 

Additional tests are also to be made for every variation 
in thickness of +15 of an inch made from one charge. 

The test pieces are not to be taken from shearings 
previously detached from the plates or bars but are to be 
selected by the Surveyors from the plates or bars themselves, 
either in the sheared or unsheared condition. Should part of 
the material be presented in a sheared condition the selection 
of tests is not to be confined to the unsheared portion. 

The samples when marked by the Surveyor for testing 
are to be followed, as far as practicable, through the different 
stages of preparation until the tests are completed. 

A tensile and a cold bend test are to be taken crosswise 
from the centre part of the selected plate or plates at each end. 

In addition to the tests prescribed in this paragraph 
the material may be subjected to further tests at the dis- 
cretion of the Surveyor. 


409 Where the tests are unsatisfactory, the whole of 
the material from the charge is to be rejected, and the 
Surveyor is to see that the Society’s brand is satisfactorily 
defaced. 


Section 5 


SHIP STEEL FOR WELDED CONSTRUCTION 


(Note: This section is primarily intended to apply to material! not 
exceeding 2 inches in thickness). 


General 


501 Where required by the Construction Rules, or as 
may be required by the Committee, certain parts of primary 
structural importance of wholly or partially welded ships 
are to be of steel conforming to the following requirements. 
(See D 3104 and D 4004.) 


Process of Manufacture 


502 The steel is to be made by the open hearth, 
electric furnace or other approved process and shall be 
either fully killed or semi-killed. Rimmed steel will not be 
accepted. 

The process adopted shall, in the first instance, be 
approved by the Committee. The details of manufacture 
shall be left to the discretion of the steelmaker subject to 
the Society’s Surveyors having full access and liberty at all 
times to inspect the manufacture of the steel at all stages. 
(See also P 112.) 


QUALITY AND TESTING OF MATERIALS 


503 Material may be presented in the “as-rolled” 
or heat treated condition as desired by the makers, subject 
to full compliance with the remainder of these requirements 
and provided that material which is to be supplied in the 
normalised or otherwise heat treated condition, is to be 
tested separately from material to be supplied in the “as- 
rolled”’ condition, even when all such material is from the 
same cast. 


Chemical Composition 
504 The Chemical composition shall be in accordance 
with the following :— 


Carbon -20% maximum 
Silicon -35% maximum 
Manganese ... 1:50% maximum 
Phosphorus -05% maximum 
Sulphur ... -05% maximum 


The sum of the carbon plus one-sixth of the manganese 
shall not exceed 0-40 per cent. 

The chemical composition is to be determined by ladle 
analysis and each cast is to be analysed. The makers’ 
analysis will be accepted, subject to occasional independent 
checks as may be required by the Surveyors. 


505 The makers are to ensure that the nitrogen 
content does not exceed -009 per cent and the Society 
may require verification by independent analysis. 


Tensile and Bend Tests 


506 Tensile tests are to be in accordance with the 
requirements of P 404 to P 406 and bend tests with P 3. 


Impact Tests 

507 The notch toughness of the steel shall be deter- 
mined by Charpy V-notch tests in accordance with the 
requirements of 509 to 511. 

Other alternative types of test may, however, be 
approved, provided an equivalent standard of notch 
toughness can be acceptably determined. 


Number of Impact Tests 
508 Plates are to be selected by the Surveyors for 
impact testing as follows:— 


Where the quantity of material rolled from the cast 
does not exceed 40 tons, at least one plate is to be selected 
from the thickest batch rolled from each cast. Where the 
quantity of material rolled from any cast exceeds 40 
tons, one additional plate from the thickest batch is to 
be selected for every additional 40 tons or part thereof 
presented. 


44] 
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For the purpose of this paragraph, the term “plate” 
is to be understood to mean the rolled product from a 
single slab, or from a single ingot if this is rolled directly 
into plate. 


Impact Test Pieces and Machines 

509 The test specimens shall be V-notch Charpy test 
pieces, 10 mm. square in cross section, 55 mm. long and 
having in the centre of the length of one face a perpendicular 
V-notch with a 45° included angle, a depth of 2 mm. and a 
root radius of 0-25 mm. In all cases the specimens shall be 
cut with their longitudinal axes parallel to the principal 
direction of rolling, and shall not include material nearer 
than } inch to a rolled surface, except for thicknesses of 
8 inch or less. The notch shall be cut in a face of the test 
piece which was originally perpendicular to the rolled 
surface. The test pieces are to be accurately machined and 
the prescribed dimensions carefully and systematically 
checked. 

The samples from which the test pieces are cut shall 
have received the same heat treatment (if any) as the 
original plate. The test pieces shall not be separately heat 
treated. 


510 The tests are to be carried out with the test 
pieces at a temperature of 0°C. on a Charpy impact 
machine of an approved type having a gap of 40 mm., a 
striking velocity of between 4:5 and 6 metres per second, 
and a striking energy of not less than 15 kilogram metres. 
The angle of the striking edge of the pendulum is to be 30°. 


Impact Test Requirements 

511 From each of the plates selected in accordance 
with 508, three tests as described in 509 and 510 shall be 
carried out, and the values obtained for each plate shall 
comply with the following requirements :— 


(a) The average energy shall not be less than 35 foot 
pounds. If, however, the average obtained from the 
first three specimens is less than 35 foot pounds but 
more than 30 foot pounds, three additional test 
pieces from the same plate may be tested and the 
results added to those previously obtained to form 
a new average, which shall not be less than 35 foot 
pounds. 

The average crystalline area in the fractures of the 
test pieces shall not be greater than 70 per cent of 
the original area of a test piece below the notch, 7.e. 
not more than 70 per cent of 80 sq. mm. If, however, 
the average obtained from the first three specimens 
is more than 70 per cent but not more than 75 per 
cent, three additional tests may be made and the 
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results added to those previously obtained to form 
a new average, which shall not be greater than 
70 per cent. 


Nore.—Until further notice, the requirements of 511 (b) 
will not be applied strictly for the acceptance or rejection of 
material, but the percentages of crystallinity in the fractures of 
the test specimens shall be recorded for information, and 
should in general not exceed the values given in 511 (6). 

In the meantime, steelmakers will be expected to take the 
necessary precautions in their processes and control of manu- 
facture, particularly of plates over 13 inch (35 mm.) in order 
that the standards contemplated may be attained. 


Additional Impact Tests Before Rejection 

512 When the material is not rejected under other 
provisions of the Society’s requirements, but the impact 
test pieces first selected fail to meet the requirements of 
511, additional impact tests may be made as follows:— 


513 If the impact tests first selected fail to satisfy 
the requirements of 511, the material represented may, on 
request by the maker, be retested after heat treatment or 
re-heat treatment. 


514 Failure of impact tests taken from the thickest 
batch of plates shall not prejudice the acceptance of other 
plates of the same thickness in the batch, provided that 
each of these remaining plates is tested and the results 
comply with the requirements of 511. 


515 Failure of impact tests taken from the thickest 
batch of plates shall not prejudice the acceptance of plates 
of lesser thickness from the same cast, provided the Surveyor 
is satisfied that further impact tests selected in accordance 
with 508 from the thickest remaining plate or plates comply 
fully with the requirements of 511. If the Surveyor is not 
satisfied by these further tests that the prescribed require- 
ments are fulfilled, the whole of the material from the cast 
may be rejected. 


Rolled Sections and Flats 

516 When rolled sections or flats are manufactured 
to this specification the requirements of 502 to 515, which 
apply to plates, are also to apply to sections and flats 
with the following modifications. 

The Charpy specimens are to be taken from the thickest 
part of the thickest section rolled from each cast. 

Additional tests required under 514 for plates are to 
be applied to sections and to flats when these are rolled 
separately, as follows:— 


Failure of impact tests taken from the thickest batch of 
sections or flats shall not prejudice the acceptance of other 


P 512 -P 603 


442 


LLOYD’S REGISTER OF SHIPPING 


sections or flats of the same thickness in the batch, provided 
that at least two of the remaining sections or flats of the 
same thickness are tested and the results comply fully with 
the impact test requirements. 

When flats are cut from wider plates the requirements 
of 502 to 515 are to be applied to the plates as rolled. 


Branding 

517 Each plate, section and flat shall be branded by 
the maker in two places with the maker’s identification 
numbers, maker’s name or initials and the 
Society’s brand (See P 108) followed by the 
letters WT, thus:— 
denoting that the steel has been produced 
and tested in accordance with these requirements. 


WT 


Maker’s Certificate 

518 The mill sheets shall be separate from those for 
other steels, and shall contain a certificate provided by the 
makers in accordance with P 111 guaranteeing that the 
material has been made in accordance with these require- 
ments. 


General 
519 The steel shall also comply with the other Rules 
for ship steel, where applicable. 


Section 6 


STEEL FOR BOILERS AND OTHER PRESSURE 
VESSELS 


Heat Treatment 
601 All plates intended for cylindrical shells where 


the thickness exceeds 1} inches should be efficiently normal- 
ised before the test pieces are cut off. 


Number of Tensile Tests 

602 PrLatTEs.—One tensile test piece is to be taken 
from each plate as rolled. For plates exceeding 2} tons in 
weight one tensile test piece is to be taken from each end. 


6038 ANGLE, ‘TEE AND Stay Bars.—One tensile test 
is to be made from each 15 or part of 15 bars rolled of 
each section or diameter from the same charge, but not less 
than two tensile tests are to be made, unless the total 
number of bars rolled from the same charge is 8 or less 
than 8 and the bars are of the same section or diameter, 
in which case one tensile test will suffice. For round bars of 
1} inch diameter and under, the numbers 50 and 20 are to 
be substituted for 15 and 8 respectively in determining the 
number of tests required. 


Chapter P 


1308 Every tube is to be tested, at the makers’ 
works, by hydraulic pressure to the requirements of Table 2. 


TaBLE 2—HyYpDRAULIC TEST PRESSURES 


WORKING PRESSURE 
lb. PER SQUARE INCH 


HYDRAULIC TEST PRESSURE 
lb, PER SQUARE INCH 


Up to and including 500 ... | 1000 


Over 500 up to and 


‘ : 2 porki ssure 
including LOOO eibarau aangen 


Over 1000 ... Working pressure + 1000 
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the test pieces are to be taken from the un-annealed portion 
of the tube. The mechanical properties are to comply 
with the requirements of Table 3. 

1311 Expanding tests are to be made on both ends 
of all selected tubes using a drift expander having a total 
included angle of from 40°-60°. The tube ends are to . 
withstand when cold and without signs of cracking the 
increases in diameter given in Table 4. 

1312 Flattening tests are to be made on one selected 
tube from each batch. This tube is to withstand being 
flattened when cold and without cracking, to the extent 
given in Table 4, at three different positions; one position 
is to be near the middle of the length and all are to be in 
different planes. 

1313 Should one of the selected tubes fail to comply 
with any one or more of the tests specified in 1310 to 1312, 


TaBLE 3—MECHANICAL PROPERTIES 


: RANGE OF TENSILE 
"| TYPE OF TEST BREAKING STRENGTH, 
TYPE OF STEEL PIECE TONS PER SQUARE 
INCH 
Strip 
Carbon 20 to 28 
| Full section | 
| | 
a aan | 
| Strip 
4% Mo eae - — 25 to 85 
’ Full section 
Strip 
1% Cr. $% Mo. - 27 to 37 
Full section 


MINIMUM ELONGATION, PER CENT 
Less than } inch thick ¢ inch thick and over 
on 8 inches on 2 inches on 8 inches | on 2 inches 

18 | 28 20 30 
23 —_— 25 — 

} | 
17 23 19 25 
21 — 23 — 
16 22 18 24 

| —_ Ee et 
20 — 22 _— 


The makers’ certificate of hydraulic test may be 
accepted, 


1809 ‘Tubes of the same diameter; thickness and 
material are to be presented for mechanical testing in 
batches of 100 tubes. Two tubes are to be selected 
indiscriminately from at least two of the batches and one 
tube from each remaining batch. The selected tubes are 
to be subjected to tensile, flattening and expanding tests, 
as detailed in the following paragraphs. 


1310 Tensile test pieces may be strips cut from the 
tubes or lengths of full section tube. In the case of hot 
finished tubes where the tube ends only have been annealed 
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two further tests of the same kind are to be made on two 
additional tubes selected from the same batch. If failure 
again occurs the batch of tubes is to be rejected as un- 
satisfactory. 


Pressure Pipes 


1314 Pipes may be seamless, or of other approved 
type as required in E509 to E511, according to the service 
for which they are intended. 


1315 ‘Tolerances on thickness and diameter, of 
straight pipes, are not to exceed those given in Table 5. 
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TABLE 4—EXPANDING AND FLATTENING TESTS 


EXPANDING TEST 


FLATTENING TEST 


Increase in O.D. per cent Distance apart of inner surfaces 


THICKNESS OF TUBE 8.W.G, 


Carbon Steel 


Carbon Steel Alloy Steel 


Cold Hot 


Alloy Steel 


Drawn Finished 
Up to 10... 124 Touching 
- — ils: 
Over 10 andupto6  ... att 94 
| 2 times 3 times the thickness 
Over 6 and up to 8 12 the 
E 64 thickness 
Over 3 94 
TaBLE 5—ToLERANCES FOR SEAMLESS PIPES 
PERMISSIBLE TOLERANCES 
TYPE OF PIPE THICKNESS | OUTSIDE DIAMETER BORE 
t/D>\> 3% tip> 3% | Up to 123 inch O.D. Over 133 inch O.D. | ee $ meee 
oa eee eared i Wee ee ee a | poees ee eet 
a5 415% 4+ 121% + gy inch 41% 
Hot I inished —15Y —124Y =i inch 1% — = 
‘ ae + 10% +1% +!, inch 
Cold Drawn | —10% —_— _ 1% —+, inch 
| 
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1316 Every pipe, while straight and with plain ends, 
is to be hydraulically tested at the makers’ works to the 
pressure derived from the formula given below or to 1000 lb. 
per square inch, whichever is less. 

For Seamless Carbon and Alloy Steels 

Test Pressure = t/D x 8S x 1200 
Where t = nominal thickness, in inches 
D = nominal outside diameter, in inches 
S = minimum tensile breaking strength, in 
tons per square inch. 


The makers’ certificate of hydraulic test may be 
accepted. 


1317 Mechanical tests are to be taken in the following 
proportions from pipes of the same diameter and thickness 
and from the same cast. 

Up to and including 44 inches O.D.... 1 in 40 or part thereof 
Over 44 inches and up to 

6 inches O.D.... 1 in 10 or part thereof 
Over 6 inches O.D. ... ... Lin 5 or part thereof 


The mechanical tests required are a tensile test and 
either a flattening or bend.test. Flattening tests are to be 
made on pipes up to 4} inches O.D. and bend tests on 
pipes over 44 inches O.D. 
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1318 ‘Tensile test pieces may be strips cut from the 
pipes or lengths of full section pipe. The mechanical 
properties are to comply with the requirements of Table 6. 


1319 A flattening test,on pipes up to 44 inches O.D., 
is to be made on a ring not less than 14 inches long, | 
cut from one end of each selected pipe. This ring is to 
withstand being flattened, when cold and without cracking, 
until the distance apart of the inner surfaces of the pipe is 
4 times its thickness or } of the bore, whichever is less. 


1320 A bend test on pipes over 44 inches O.D., is to 
be made on a strip not less than 14 inches wide cut circum- 
ferentially from one end of each selected pipe. This strip 
is to withstand being bent double in the direction of original 
curvature, when cold and without cracking, over a round 
bar or former of diameter as follows :— 

Up to j inch thickness ... 3 times the pipe thickness 

Over 3 inch thickness ... 4 times the pipe thickness 

or 3 of the bore whichever 
is less. 


1321 Should a pipe selected for testing fail to comply 
with any one or more of the tests specified in 1318 to 1820 
two further tests of the same kind are to be made from 
another pipe from the same batch. If failure again occurs 
the batch of pipes is to be rejected as unsatisfactory. 


TaBLE 6—MECHANICAL PROPERTIES 


TYPE OF STEEL 


TYPE OF TEST 


RANGE OF TENSILE 
BREAKING STRENGTH, 


PIECE TONS PER SQUARE INCH 

Strip 

Carbon —= -—<—— 23 to 30 
Full section 
Strip 

4% Mo. —— 25 to 85 
Full section 
Strip 

1% Cr. 4% Mo. oe 27 to 37 
Full section 
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MINIMUM ELONG 


Less than } inch thick 


| 
on 8 inches on 2 inches 


18 28 
28 — 
| 
17 23 
| 
21 _ 
ie ay AS 


ATION, PER CENT 


4 inch thick and over 


on 8inches | on 2 inches 


20 30 
= 25 oe _— 
adie ral | 
19 25 | 
ek. ae 
an eae = 
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Section 14 


BRONZE PROPELLERS AND PROPELLER BLADES 


General 


1401 The requirements of this section are applic- 
able to propeller castings of the following non-ferrous 
materials:— 


(a) Manganese bronze or high tensile brass with a 
minimum tensile strength of 28 tons per square 
inch. 


(b) High tensile aluminium bronzes with a minimum 
tensile strength of 40 tons per square inch. 


Particulars of chemical composition and mechanical 
properties of proprietary alloys are to be submitted for 
information. 


1402 Where it is proposed to use other non-ferrous 
materials or different grades of type (a) and (b) alloys, full 
particulars are to be submitted for consideration. 


1403 Castings are to be clean and free from harmful 
defects and are to be tested and inspected at the makers’ 
works. In the event of any casting proving defective in the 
course of subsequent machining such casting may be 
rejected notwithstanding any previous certification of 
satisfactory test. 


Provision of Test Samples 


1404 ‘Test samples, sufficient for the preparation of 
at least three test pieces, are to be provided for each casting. 
The test samples are to be of approved form and may be 
separately-cast or integral with the casting. 


1405 Separately-cast test samples:— These may be 
adopted at works where Surveyors are in frequent atten- 
dance. The procedure for identifying the test samples and 
the propeller casting is to be approved by the Surveyors 
who in cases of doubt may require that check analyses of 
sample and casting be made. 


The samples are to be separately cast at the same 
time and from the same metal as the casting which they 
represent, and are to be poured into moulds of the same 
material as that used for the casting. Where a casting is 
made from more than one ladle test samples are to be 


provided for each ladle. 
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1406 Integral test samples:— These are to be pro- 
vided as blocks cast on the surfaces of the casting. Samples 
gated from the casting are not acceptable. 


NorTe.—With the object of obtaining sound test blocks and of permit- 
ting free contraction of the propeller casting, it is preferable that the 
test blocks be arranged axially on the hub instead of on the blades at 
mid-radii. 
Mechanical Properties 

1407 ‘Test pieces are to be *564 inch diameter with a 
gauge length of 2 inches or of other similar standard. At 
least one tensile test is to be made for each casting and for 
each ladle if 1405 is applicable. The test results are to 
comply with the requirements of the following table or of a 
specification specially approved. 


If the first test piece fails to meet requirements, then 
the two remaining test pieces are to be broken; if these also 
fail the casting is to be rejected. 


Minimum Tensile Strength tonsjin.2_ Minimum — 
Material ——— 2 Elongation per 
Integral test Separately-cast cent on 2’ 
piece test piece gauge length 
(a) Manganese a 
28 30 . 
Bronze BC | 20 
(b) Aluminium 40 49 1b 
Bronze > ‘ 


Note.—The values in the table are applicable to test pieces and are not 
necessarily obtainable from all parts of the castings. In general it can 
be expected that the mechanical properties of a propeller, especially in 
the thick root sections of the blades, will be inferior to those of the 
test piece. 


Section 15 
ANCHORS 


Process of Manufacture 

1501 Anchors are to be made of forged ingot steel 
or of cast steel. The manufacturing process of forged 
ingot steel anchors is to comply with the relevant require- 
ments of P 10, and that of cast steel anchors with the 
relevant requirements of P 9. Forged and cast steel 
anchor heads and cast steel shanks are to be subjected to 
the test requirements of these sections except that the 
percussive and hammering tests detailed in P 16 are to be 
substituted for the requirements of P 912, P 913 and P 914. 


1502 Each important part of an anchor is to be 
plainly marked by the maker with the words ‘forged ingot 
steel” or “heat treated cast steel” as the case may be (or 
simply “forged steel” or ‘cast steel’). 

1503 Steel anchor shackles are to be made of forged 
ingot steel or cast steel as specified in 1501, but need not 
be submitted to the test requirements of P 9 and P 10. 
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Proof Tests of Anchors 
1504 All anchors weighing more than 168 lbs. inclusive of stock, if fitted, are to be tested in 
accordance with the requirements of the following table and the certificates of test produced. 


Weight Weight — Test Weight Test Weight Test Weight Test 


Tons * Cwts. Tons 


53-75 116 73-25 
54-25 ] 117 73-65 
4-75 | 11g 74-00 

| | 85-25 | 119 74-40 
| | 56-75 | 120. 74-75 
"56-25 | 121 75-10 

56-75 | 99 122 75-40 

123 75-70 

124 76-00 

125 76-36 

126 76-65 

127 76-95 

128 17-25 

129 77-60 

130 77-90 

140 81-00 

150 | 84-15 

160 86-75 

170 89-25 

43 37-90 | 180 91-75 

44 98-65 190 94-25 


The weight given in the above Table is either for stockless anchors or for stocked anchors without the stock. 
For intermediate weights the test may be obtained by interpolation. 
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Section 16 


CAST STEEL ANCHORS 


General 

1601 All cast steel anchors are to be subjected to 
the percussive and hammering tests as detailed in this 
Section, and also to the tensile and bend tests as detailed 
me: 


Percussive Test 

1602 The anchor, or where anchors are made in more 
than one piece, each piece is to be raised a given height 
and then dropped on a steel or iron slab. 

For weights of 15 ewts. and below, the height is to be 
15 feet, and for weights above 15 ewts. the height is to be 
12 feet. 

The lowest part of the anchor or piece when suspended 
is to be at least the given height above the slab upon which 
it is to be dropped. 


1603 An anchor of the Admiralty pattern is first to 
be raised vertically to the given height with its shank and 
arms in a horizontal position, and then let fall from that 
height. 

It is then to be raised a second time to the 
given height and suspended with the crown downwards. 
Two steel or iron blocks are to be placed underneath it, 
and the anchor is to be let fall from this position so that 
one of the blocks receives it on the middle of one arm, 
and the other block receives it on the middle of the 
other arm. 


1604 The slab for the horizontal test is to be of steel 
or iron, well laid on a solid concrete foundation to the 
satisfaction of the Surveyor. 


1605 The blocks for the vertical test are to be solid 
and of sufficient height to prevent the crown of the anchor 
from touching the slab, and are to be to the satisfaction of 
the Surveyor. 


Hammering Test 


1606 Provided the percussive test has been satisfactory, 
the anchor or piece is to be slung and thoroughly hammered 
over its parts with a sledge hammer weighing not less than 
7 |b., and is required to give under this treatment such a 
clear ring in all its parts as shall satisfy the Surveyor that 
the casting is sound and that no flaws have developed by 
the application of the preceding percussive tests. 
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Section 17 
CHAIN CABLES, STREAM CHAINS 
AND STEERING CHAINS 
Note:—For list of manufacturers of electrically welded 
and cast steel chain cables see Appendix to this Chapter. 

1701 Chain cables and steering gear chain may be 
of wrought iron or of one of the following three grades :— 

(1) Fire welded or electrically welded, of mild steel 

having a tensile breaking strength of 20-26 tons 
per square inch. 
(11) Electrically welded, of mild steel having a tensile 
breaking strength of 26-32 tons per square inch. 
(III) Electrically welded special steel or cast steel having 
an ultimate tensile breaking strength of 32-40 
tons per square inch. 

The method of manufacture adopted for electrically 
welded or cast steel chains must in the first place be approved. 

The steel of which the cable is manufactured is to 
comply with P1 where applicable and is to satisfy the 
tests given in 1702 and 1703. 

Special steel cable referred to in Table 53—Equipment 
is cable satisfying the requirements of grade (III) above and 
which has been tested as required for cables of special steel 
in 1705. 


Tensile Tests 

1702 From each group of bars of the same size taken 
from the same charge, two are to be selected and test 
pieces not greater than one inch in diameter complying with 
P 204 are to be used. The tensile breaking strength of the 
material is to be between the limits specified above for the 
particular type of chain for which the bars are intended. 
The elongation is not to be less than 25 per cent for steel 
having a breaking strength between 20 and 26 tons per 
square inch, 20 per cent for steel between 26 and 35 tons per 
square inch, and 15 per cent for steel above 35 tons per 
square inch. 


Bend Tests 

1703 A bend test is to be made from each group of 
bars. The bar is to withstand, without fracture, being 
doubled when cold until the sides are parallel, and the 
internal radius is equal to -5 times the diameter of the bar 
when the tensile strength is 32 tons per square inch and 
under, or equal to the diameter of the bar when it is over 
32 tons per square inch. 


Heat Treatment 

1704 Cables made of material other than wrought 
iron or mild steel having an ultimate tensile breaking 
strength of 20 to 26 tons per square inch are to be properly 
heat treated. 
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1705 All chain cables, stream and steering chains are to be tested in accordance with the require- 
ments of the following tables and the certificates of test produced. 


Stup Link CHAIN CABLES 


stinmum | WROUGHT RON | SPECIAL STEEL | "Weleit | || wROUGHT IRON Seco 
ee oe cad eo care crs ol a Ma oD bao 
Ins. Tons Tons Tons Tons Cwts. Ins. Tons Tons Tons Tons 
| yh | 340) 510; 480| 710) 1 | 2, | 86-15) 12050 "120-50 | 168-70 35% 
| 3 | 450| 675; 630| 950| 2% 2 | 91-15 127-50 127-50 178-50, 37% 
fh | 5:65/ “840) 7-90) 1180) 2 | 2, | 96-25 134-15 | 134-75 188-75. 40 
| } | 7-00| 1060/ 9-60 14-70) at | 28 101-00 142-10 142-10 198-90 
| 1 | 8-60] 12-75/ 11-90) 17-90)  3§ | 2,% | 106-90 | 149-65 | 149-65 | 209-50 | 
} | 10-15, 1545 14-20 21-20 48 | 2% | 112-50) 157-50, 157-50 | 220-50 
1s | 11-90| 17-80| 16-60 24-90, 5 | 2,% | 116-70) 163-40 | 163-40 | 228-70 
% | 13°75) 20-65| 19-30, 28-90) 5% | 2% | 120-90 169-25 | 169-25 | 237-00 
1s | 15:80| 23-70 22:10 33-20 63 21} | 125-10 176-15 | 175-15 | 245-20 
1 | 18:00, 27-00, 25:20 37-80, 7§ | 2% | 129-30 181-00, 181-00 253-40 
1, | 20-30| 30-40) 28-40 42-60, sf | 212 | 133-40 | 186-75 186-75 | 261-50 
1 | 2275 3415 31-90 4780 98 | 2 137-60 192-65 | 192-65 | 269-70 | 
1,, | 25-40) 38-00] 35:50 53:20, 10g | 2% | 141-70 198-40, 198-40 27-70 
1} | 28:15| 42:15| 39-401 59-00| 12 3 | 145-80 | 204-10 | 204-10 285-70 
1, | 31°00| 46:50| 43-40| 65:10| 134 3,1, | 149-80 209-70 | 209-70 | 293-60. 
1g | 34-00) 51-00] 47-60) 71-40| 14} | 38 | 153-75 | 215-25 215-25 301-40 
1, | 3715| 6565) 52-00 77-90 15 | 3,4 157-70 | 220-75 | 220-75 | 909-10 
1} | 40:50) 58-70) 56-70 82-20) 17% | 3k 161-60 | 226-20 226-20 | 316-70 
1%, | 43:90) 61-40) 61-40 86-00) 18g | 3,%, | 165-40 | 231-50 231-50 324-10 
If | 47-50, 66-50 66-50/ 93-10 20 3} | 169-15 236-75 | 236-75 331-50. 


141 | 61-25) 71-75| 71-75|10050| 214 | 3, | 172-75 | 241-80 | 241-80 338-50 


13 | 55-15| 77-15| 77-15|108-00| 23% 3h 176-40 246-90 246-90 345-70 


143 59-15. 82-75 | 82-75 115-90 | 24 3,°, | 179-90 | 251-80 | 251-80 | 352-50 963 


1f | 63:25, 88:50 88-50 123-90 268 38 | 183-25 | 256-50 | 256-50 359-00} 100 


118 | 67-50) 94:50 | 94-50 132-30 | 288 311 | 186-50 261-10 261-10 365-50 1038 
| | 


2 | 72-00 100-80 100-80 141-10, 30 32 | 189-80 265-70 265-70 372-00 1068 


2,'5 |. 76-50 | 107-10 | 107-10 149-90 31 318 | 192-90 | 270-00 | 270-00 | 378-00 


2h 81-25 | 113-75 113-75 | 159-30 33} 34 | 195-90 | 274-25 | 274-25 384-00 
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Section 18 


STEEL WIRE TOWLINES, MOORING ROPES AND 
STANDING RIGGING; FIBRE ROPES 
Note:—For list of manufacturers of steel wire tow- 


; CABLES OF 
Bingen OR MILD STEEL | SPECIAL STEEL | P°T eff of lines, mooring ropes and standing rigging see Appendix 
Proof Breaking Proof Breaking Forged | Electric to this Chapter . 
Test Test | Test Test | Welded 
| General 
Rae ee tt ee 1801 Each manufacturer is required to provide on his 
9-25 | 4-501 3-201 6-40 premises machines suitable for making the prescribed tests 
satisfactorily, and the works are to be at all times open to 
3-00 6:00 4-20 8-40 the inspection of the Surveyors, who are empowered to 
7: 5-30 | 10:60 retest any rope for which a certificate has been issued by 
the manufacturer. Periodical inspections should be held at 
13-10 intervals not exceeding two years. 
15-90 Certificates 
18-90 1802 Printed forms of certificates, approved by the 
Committee, are to be signed by the manufacturers, and 
11:10 | 22-20 will be supplied to them upon application to the Secretary. 
| 12-85 | 25-70 Material 
—== 1803 The wire used in the manufacture of the ropes is 
21-00 14-75 | 29-50 to be drawn from steel billets made by the open hearth 
24-00 | 16-80 | 33-60 process and to have a tensile strength within the range 
shown in the table in 1805. The wire is to be of homo- 
| 27-00 | 18-95 | 37-90 geneous quality, free from defects, and of smooth uniform 
finish. 
30°25 | 21-25 | 42-50 
a Galvanising 
| 16-90 | 33-80 | 23°70 | 47-40 1804 The wire is to be galvanised to the satisfaction 
(18-75 | 37-50 26-25 | 52-50 ee 
| 90-65 | 41-25. 28-95 | 57-90 Construction of Ropes 
1805 The construction of the wire rope and the 
| 22-65 | 45-25 | 31-75 | 63-50 ultimate tensile strength of the wire are given in the 
| following table:— 
24-75 | 49-50 34-70 | 69-40 —_—— ae : : 
| | Construction of Rope Ultimate | 
27-00 54-00 | 37-80 75-60 Purpose ba aot gallon Construction of Strands semot wire 
29-25 | 58-50 41-00 | 82-00 | basset ane Pease 
31-65 | 63-25 | 44-35 -70 For 6 of 7 Fibre 6 overl 45 to 65 
Standing 
34: 68°25 | 47-85 hes “70 Rigging 6 of 19 Fibre | 12o0ver6over] | 85 to 95 
36-75 | 73-50 | 51-45 -90 : 
39. 40 | Mooring 6 of 12 Fibre | 12 over fibre core 85 to 95 
wires, 
“10 | | Stream 6 of 24 Fibre | 15 over 9 85 to 95 
| wires and over fibre core 
"10 | Towlines | 6 of 37 Fibre | 18 over 12 | 85 to 95 
-40 | over 6 over 1 
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Tests of Ropes 


1806 A portion of each steel wire rope is to be tested 
to destruction and its ultimate breaking load must not be 
less than that given in the following table:— 


CrrcuM- TYPE AND BREAKING LOAD CIRcUM- 
| FERENCE a = nee IO 
ox 7 6x 12 6 x 19 6 x 24 6 x 37 
Inches Tons Tons Tons Tons | Tons Inches 
1 1-8; 2-0} 31 2-6 1 
1} 2-9] 31) 47] 4:3 1} 
1} 4:2|/ 4:4) 6-7| 6-0 1} 
1} 5:8 | 5:9 9-1 8-5 1? 
2 7-6| 8-0| 12-4} 10-9 2 
2} 9-5 | 10-5 | 16-3] 14-2 24 
24 11-8 | 12-3 | 19-1] 17-2 24 
28 =| 14-3| 14-8 | 22-9) 20-5 23 
8  |17-1|17-6| 27-0] 25-0] 27-3] 3 


3} 20-1 | 21-1 |. 32-5 | 28-9 |- 29-8 3} 
34 23-4 | 24-4 | 37-5] 34-2 | 34-9 3} 


4 |30-0| 32-3) 49-5| 43-6| 46-5) 4 
44 | 38-5 | 41-3 | 63-5 | 57-0) 59-8 | 44 


5 47-5 | 49-5 | 76:0] 68-9] 74-7 5 


5} 88-4) 82-0) 89-0) 54 

6 \* | 1045 | 96-3| 107-0! 6 

6} | 107-4 121-0! 6} 
Pare TT eS ey ee ey 

7 123-5| 140-01 7 

7k 153-9! 7} 

8 173-9 8 


1807 If facilities are not available for making the 
above tests on the rope, then a specimen is to be cut from 
the rope and each wire tested separately to destruction. 


The breaking strength of the rope shall be considered 
to be the sum of the aggregate breaking loads of the 
individual wire less a percentage for laying up as follows:— 


6 Xvi 5 per cent. 
6 x 12 74 per cent 
6 x 19 10 per cent 
6 x 24 10 per cent 
6 X 37 15 per cent 
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1808 The wire shall stand being wrapped tightly eight 
times round its own diameter and subsequently unwrapped 
without showing any signs of fracture of the steel. Six 
wires or 5 per cent of the wires in the rope, whichever 
is the greater number, are to be subjected to this test. 


1809 Fibre Ropes 


SIZES AND TESTS OF FIBRE ROPES 


% ¥ 9-Strand 
ference | (plain or Hawser laid) | (Shroud laid) | pe eet el 
BREAKING Hes 
Inches 
Tons Tons | Tons 

24 2-8 2-5 | 

23 3-3 2-9 

3 4-0 3°5 

3} 4:6 4-1 

34 5:3 4:7 

33 6-0 5:3 

| 

4 6-8 6-0 

44 7:6 6-7 

4 8-5 7:5 

43 9-3 8-3 

5 10:3 9-2 6-5 

54 12-4 11-0 1 yf 

6 14-6 12-9 9-0 

6} 17-0 15-1 10:3 

7 19-6 | 17-4 11-8 

8 25-2 22-3 14-9 

9 31-5 28-0 18:5 
10 38-6 34-2 | 29-4 
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APPROVAL OF ELECTRODES FOR ARC WELDING 
IN HULL CONSTRUCTION 


1901 ‘The manufacturer’s plant and method of pro- 
duction of the electrodes are to be such as to ensure reason- 
able uniformity in manufacture. 


1902 Electrodes will be approved by the Committee 
subject to compliance with the following tests. 


The test pieces are to be prepared in the presence of 
the Surveyor and all tests carried out under his supervision. 
The steel used in the preparation of the test pieces is to 
comply with the requirements of P 4. 


1903 All test specimens are to be prepared and tested 
in duplicate. If one specimen fails to satisfy the test, two 
further specimens may be prepared, both of which must 


prove satisfactory. 


Butt Welds 


1904 TenstLte Tests—Tensile test specimens of the 
form shown in the sketch are to be prepared. One of the 
specimens is to be of the maximum thickness which would 
normally be welded with square edges, and others, which are 
to be welded with V butts, are to be °38, °62 and -88 inch 
in thickness. The surfaces of the welded joints are to be 
rendered flush on both sides. 


* PAR ALLE 
LENGTH, “ 


2 FoR PLATES 
“38 To +88" IN 
THICKNESS 


ie FoR PLATES 
BELOW °38' IN 
THICKNESS 


The mean tensile strength of the test specimens for 
each thickness is to be not less than 26 tons per square inch. 


1905 Benn Tests—Bend tests are to be made on 
specimens similar to those shown above from material -38 
and °88 inch in thickness. These are to withstand bending 
without fracture through an angle of 90 degrees over a bar 
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of diameter equal to four times the thickness of the test 
piece. The rough edges of the samples may be removed 
by filing or grinding, and the test is to be made so that the 
wide part of the V is in tension. 


Deep Penetration Electrodes 

1906 Deep Penerration Tests —Where it is desired 
by the manufacturer to demonstrate that an electrode has 
deep penetrating properties when used in the downhand 
welding position, the following test is to be made: two 
plates, of thickness equal to twice the diameter of the core 
of the electrode, are to be butt welded together with one 
downhand run of welding from each side. The plate edges 
are to be prepared square and ground smooth, and after 
tacking the gap is not to exceed 0-010 inch. The plates 
shall be at least 6 inches wide, and of such length as to 
accommodate, on each side, at least the run length of a 
complete electrode. The weld is to be sectioned transversely, 
polished and etched, and must show complete penetration 
throughout the joint. 


The above test is to be carried out using the largest 
and also the smallest diameter of electrode being produced, 
but in the latter case not less than } inch diameter. The 
test is to be made in duplicate for each diameter of electrode 
tested. 


Shear Tests 


1907 Shear tests are to be carried out on specimens 
prepared as shown in the sketch. 


reahes 


prey 


The shear strength of the welds is to be not less than 
17 tons per square inch, caiculated on the throat thickness 
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Fillet Weld Tests 
1908 Fillet weld tests are to be made on samples 
2 inches in width as shown in the sketch. 


| 
Vv 


They are to withstand a tensile load, applied in the 
direction shown, of 78 x t tons, t being the throat thickness 
of the welds. 


Vertical and Overhead Tests 

1909 Where it is desired by the manufacturers to 
demonstrate that an electrode is suitable for vertical or 
overhead welding, tensile and bend tests are to be made 
from plates -88 inch in thickness, together with fillet weld 
tests, as set forth in 1904, 1905 and 1908, for each position 
for which approval is sought. 

An indication will be given in the list of approved 
electrodes of the positions of welding for which the electrode 
has been approved. 


Deposited Material Tests 

1910 Tensile, bend and impact tests are to be made 
on metal deposited from the electrode. The samples for 
the tensile and bend tests are to be prepared as shown in 
the sketch, the diameter being -564 inch. 


a es GAUGE LENGTH 


' ; t 
\c---Parallel for a length of not less than § times the diameter.--- >) 
---With enlarged ends :—Parallel for a lenzth of not less than 9 times--—.> 


the reduced diameter. 

The minimum breaking strength is to be 26 tons per 
square inch and the minimum elongation 18 per cent. The 
samples are to withstand bending to 120 degrees withont 
fracture over a bar having a diameter twice the diameter of 
the test piece. 
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The impact tests are to be made on a standard form of 
Izod test piece as shown in the sketch. 
45°mcLuDEo ance a |? --22mm- shear i ae 


[fp —-26mm— ~ oh 28mm. Aityt fom. fae klOmmol 


=] : 
| _4_ 


--- 130mm. ------------ |-4 


THREE Notcu TxEst PIEce. 


The depth of the notch is to be 2 mm., the included 
angle 45 degrees, and the radius at the root ‘25 mm. 

The average value for each specimen is to be not less 
than 30 ft. lb. Other forms of impact test may be adopted 
with suitably modified values. 


Chemical Analysis 

1911 Chemical analyses of the metal of each type of 
electrode and of the deposited material of a weld made by 
the same electrode are to be supplied. 


1912 The Committee is to be notified of any altera- 
tion proposed to be made in the process of manufacture 
subsequent to approval. 


Maker’s Certificate 

1918 Hach carton or package of approved electrodes 
is to contain a certificate from the manufacturer on the 
following lines :— 


“The Company certifies that the composition 
and quality of these electrodes conform with those of 
the electrodes used in making the test pieces submitted 
to and approved by the Committee of Lloyd’s Register 
of Shipping.” 


Periodical Inspection of Makers’ Works 
1914 All establishments where approved electrodes 


are manufactured shall be subject to periodical inspection 
by the Surveyors. These visits will take place as may be 
considered necessary by the Committee, but at least once a 
year. On these occasions samples, selected by the Surveyors, 
of each of the electrodes manufactured by the makers and 
appearing in the Society’s approved list, will be subjected 
to the tests given in 1915. 

1915 ‘Tensile, elongation and bend tests in duplicate 
are to be made on specimens of deposited material as set 
forth in 1910. The specimens for tensile and elongation 
tests may be °424 inch in diameter with a gauge length of 
1} inches; if this gauge length is adopted, the minimum 
elongation is to be 23 per cent. 


1916 The Committee may require, in any particular 
case, such additional tests as may be considered necessary. 
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ALUMINIUM ALLOY PLATES, BARS AND 
SECTIONS 
Note:—For list of manufacturers of Aluminium 
Alloys for shipbuilding purposes see Appendix to this 
Chapter. 
General 

2001 Aluminium alloys used in the construction of 
ships classed, or proposed for classification, in the 
Society’s Register Book are to be made at works recog- 
nised by the Committee and are to comply with the 
following requirements. 

These requirements, however, are not intended to 
apply to sheets less than ‘18 inch thick, or to angles less 
than 13” 14"”x*18". Where material of these scantlings 
is used, the physical properties and chemical composition 
may be in accordance with a recognised specification for 
an alloy suitable for marine use. 

Alloys whose chemical composition differs from 
these requirements will be specially considered. 


Freedom from Defects 
2002 The finished material is to be free from 
cracks, surface flaws and lamination. 


Testing and Inspection 

2003 The prescribed tests and inspections are 
to be made at the place of manufacture prior to 
despatch; but, in the event of any material proving 
unsatisfactory in the course of being worked into ships 
due to faults in manufacture, such material shall be 
rejected, notwithstanding any previous certificate of 
satisfactory testing, and such further tests of the material 
from the same cast may be made as the Surveyor may 
consider desirable. 

Where a continuous melting process is employed 
for the production of ingots, a cast is to be defined 
as the amount of metal tapped from the furnace with- 
out any further addition having been made. 


2004 All test pieces are to be selected by the 
Surveyor and tested in his presence, and he is to satisfy 
himself that the prescribed conditions are fulfilled. 


2005 The manufacturer is to supply to the 
Surveyor at the time of test a certificate of the 
chemical composition of the material submitted for 
approval and, at the discretion of the Surveyor, 
samples may be selected from the material for the 
purpose of check analyses. 
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Additional Tests before Rejection 


2006 Where any of the test pieces first selected 
by the Surveyor do not fulfil the test requirements, 
then:— 


In the case of non-heat-treatable alloys, two 
further tests of the same kind may be made from the 
same plate, or section, but where either of these fail, 
the plate or section from which the test pieces were 
cut is to be rejected. In all such cases further tests 
are to be taken before any material from the same 
cast can be accepted. 


In the case of heat-treatable alloys, the procedure 
laid down above is to be adopted, but the manufacturer 
may, should he so desire, re-heat-treat the whole of 
the material represented by the test piece before the 
two further test pieces are selected. 


2007 Where a tensile test piece breaks outside 
the middle half of its gauge length, and the elongation 
is less than that required by the Rules, the test may, 
at the manufacturer’s option, be discarded and another 
test made of the same plate or section. 


Branding 
2008 very plate or section is to be clearly and dis- 
tinctly marked by the manufacturer in two 
places with the Society’s brand, thus:— 
indicating that the material has complied 
with the Society’s requirements. 


2009 Material bearing this brand is not to be 
forwarded from the works until the prescribed tests 
have been made by the Surveyor and the mill sheets 
have been signed by him. All material is also to be 
stamped in two places with the manufacturer’s name 
or trade mark and the place where made. Material 
is also to be stamped with numbers, or identification 
marks, by which it can be traced to the cast from 
which it was made. 


Defacing of Rejected Material 


2010 In the event of the material failing to 
withstand the prescribed tests, the Surveyor is to see 
that the Society’s brand, stamped on the material by 
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the manufacturer, has been defaced by e Additional Tests 

punch marks extending beyond the ® 2014 In addition to the tests described hereafter, 
brand in the form of a cross, thus:— @ ® e the material may be subjected to additional tensile 
denoting that the material has been tests at the discretion of the Surveyors. 

rejected. 2: 


Manufacturer's Certificate 


2011 The mill sheets, presented to the Surveyor 
for signing, shall bear the following certificate printed 
on each sheet, with the name of the firm and initialled 
by the test house manager:— 

“We hereby certify that the material described 
below satisfies the prescribed chemical composition 
and is that which has been satisfactorily tested in the 
presence of the Surveyor in accordance with the Rules 
of Lloyd’s Register.” 


Facilities for Inspection 


2012 The manufacturer is to adopt a system of 
marking which will enable all material presented for 
inspection to be traced to the original cast, and, in the 
case of heat-treatable. material, to the particular 
batch in which it was heat-treated ;'a batch comprises 
all material simultaneously heat-treated in one furnace 
load. The Surveyor must be given every facility for 
tracing all material to its respective casts and for 
witnessing the required tests. When the Surveyor is 
satisfied with the niaterial and with the results of tests, 
he is to be furnished with two copies of the advice notes 
for his signature, one of which is to be forwarded by 
the manufacturer to the shipbuilder, and the other 
is to be forwarded by the Surveyor to the Surveyors 
at the port where the ship is to be built. 


Aluminium Alloys not made where Wrought 


2013 Where the alloy is not made at the works 
where it is wrought, a certificate is to be supplied to 
the Surveyor stating the name of the maker of the 
material, also the numbers of the casts for reference 
to the books of the maker. The number of the cast 
is to be marked on each ingot or slab for the purpose 
of identification and the wrought material is also to 
be legibly stamped in two places with the manufac- 
turer’s name or trade mark and the place where finally 
wrought. The material is also to be stamped with 
numbers or identification marks by which it can be traced 
to the cast from which it was made. 
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Aluminium Alloys of other Chemical Composition or 
Mechanical Properties 


2015 When desired by owners and _ builders, 
consideration will be given by the Committee to 
proposals for the use of alloys differing in chemical 
composition or mechanical properties from those 
provided for in the Rules. 


Section 21 
STANDARD TEST PIECES 


Tensile Test Pieces 

2101 The proof stress, the tensile strength and 
the ductility are ‘to be determined from standard test 
pieces. The test for proof stress shall be carried out 
on each selected test piece either from a stress strain 
curve, by drawing a line parallel to the straight portion 
of the curve and distant from it by an amount representing 
the required maximum permanent elongation, thus 
determining the stress at which line and curve intersect; 
or by subjecting the test piece to the specified minimum 
proof stress and removing the load, when the test piece 
shall not have acquired a permanent elongation, 
measured by an extensometer, greater than that 
required by the Rules. 


2102 For material more than ‘875 inch in thickness 
the width of the test piece between the gauge points is 
not to exceed 14 inches; for material *875 inch to ‘375 inch 
in thickness, inclusive, the width is not to exeed 2 inches; 
for material less than °375 inch in thickness the width is 
not to exceed 24 inches. In other respects the test pieces 
are to conform to standard test piece A. (See P 203.) 

Alternatively, a test piece having a gauge length of 


. 2 inches, a width of } inch, a minimum parallel length 


of 24 inches and a minimum radius at shoulder of 1 inch 
may be used. 

Wherever practicable, the wrought surfaces are to 
be retained on two opposite sides of the test piece. 


Straightening of Test Pieces 

2103 Any straightening of test pieces which may be 
required is to be done cold, and the test pieces shall 
not receive further heat treatment or mechanical working 
before being tested except by machining to shape. 
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TESTS AND REQUIREMENTS FOR ALUMINIUM 
ALLOYS 


Chemical Composition 


2201 Plates, bars and sections where of non-heat- 
treatable aluminium alloy are to have the following 
chemical composition :— 


Copper ... not more than 0°10 per cent. 
Magnesium... ,, Se OUI ns. 

4 SOMES? SOM & 
Tron ... mores FOTDe |, , 
Silicon Ae 39 OFOOTS 
Manganese 2h aya) "Ae OOM ge 
Chromium ... ,, “rete cepa aU CaN ee 
Zinc ... dts Fie ee UO ey. 
Aluminium ... The remainder. 


2202 Plates, bars and sections of heat-treatable 
aluminium alloy are to have the following chemical 
composition :— 


Copper ... not more than 0°10 per cent. 
Magnesium... ,, are, thee aw 

- seemless Bae O40: 
Tron). mayeMOTGNs, OG lore aie 
Silicon Nec niy Brent ited ei Ulnase Pe 

" eas OAD 
Manganese ... ,, more ,, 1°00 ,, _,, 

=) su, ESB: oy (OQ oe 
Chromium ... ,, more ,, 0°50 ,, ,, 
Zinc ... aaa Se ee) lot ee 


Aluminium ... The remainder. 


Bars and Sections 


2203 May be formed by extrusion, 
by drawing. 


rolling or 


Number of Tensile Tests : Plates 
2204 Plates from the same cast shall be grouped 
in thickness for testing as follows:— 


1:00 inch and over in thickness. 
‘75 inch and less than 1°00 inch. 
‘50 inch and less than *°75 inch. 
“18 inch and less than °50 inch. 


One tensile test is to be taken from each group. 
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Number of Tensile Tests : Bars and Sections 

2205 Sections from the same cast of non-heat- 
treatable material shall be grouped in weight as 
follows:— 


Less than 1 |b. per foot. 
Between 1 lb. and 91b. per foot, inclusive. 
More than 9 1b. per foot. 


One tensile test is to be taken from each group. 


2206 For sections from the same cast of heat- 
treatable alloy, the groups will be the heat-treatment 
batches as defined in P2012. One tensile test is to be 
taken from each group. 


Tensile Tests ; Plates and Sections 

2207 The 0°1 per cent proof stress is not to be 
less than 8 tons per square inch. The tensile breaking 
strength is not to be Jess than 17 tons per square inch, 
and the elongation, measured on a gauge length of 
8 inches, is not to be less than 10 per cent. 

Alternatively, if the elongation is measured on a 
gauge length of 2 inches it is not to be less than 12 per 
cent. 


Occasional Attendance at Works 

2208 Where the Surveyor is not in constant 
attendance at the works, the manufacturer may, with 
the written authority of the Society, comply with all 
the prescribed requirements and furnish the Surveyor 
with a certificate to the effect that the Society’s Rules 
for the testing of aluminium alloys for shipbuilding 
purposes have been complied with in the case of material 
submitted for approval. The Surveyor is then to 
examine the works history sheets for the material 
submitted and, if these are in order, to take check 
tensile tests from the materials. If the material in 
a single cast is of uniform thickness, two tensile test 
pieces are to be selected; if of different thicknesses 
two tensile test pieces are to be selected from the range 
of thicknesses presented. The test pieces are to be 
selected by the Surveyor from the plates or sections 
themselves, and not from shearings previously detached 
from them, and, when marked by the Surveyor for 
testing, they are to be followed, as far as is practicable, 
through the different stages of preparation until the 
tests are completed. If more than one cast is represented 
each cast is to be tested. 

2209 Where the tests are unsatisfactory, the 
whole of the material from the cast is to be rejected 
and the Surveyor is to see that the Society’s brand 
is satisfactorily defaced. 
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Section 23 
RIVET BARS AND MANUFACTURED RIVETS 


Testing of Material 


2301 All material from which rivets are manu- 
factured is to be tested. 


2302 ‘Tensile tests are to be selected in accordance 
with P 2205 or P 2206. 


23038 The 0-1 per cent proof stress is not to be less 
than 6 tons per square inch. The tensile breaking 
strength is not to be less than 14 tons per square inch, 
and the elongation is not to be less than 15 per cent if 
measured on a gauge length of eight times the diameter 
of the test piece (test piece B) or alternatively, not less 
than 18 per cent if measured on a gauge length of four 
times the diameter of the test piece (test piece C). 


Dump Test 

2304 Test pieces of a length and diameter equal to 
the full diameter of the bars, preferably cut from the 
same bars as the tensile tests shall, when cold, withstand 
being compressed without cracking, until the diameter is 
increased to 1°6 times the original diameter. 


Chemical Composition 

2305 Rivet bars and manufactured rivets where of 
non-heat-treatable aluminium are to have the following 
chemical composition :— 


Copper ... not more than 0°10 per cent. 
Magnesium... ,, less EIU asst eats 
i epg 00 aaron: 1d eek ona 
Silicon Py rhe pele Rei Sys 
Tron ... yeah: Apel Na (a piaigies 
Wancancee's:: =. ss CL OUP, 
Chromiunt... °.. 5; np (3 Vie la. 


Aluminium ... The remainder. 


2306 Rivet bars and manufactured rivets where 
of heat-treatable material are to have the chemical 
composition as laid down in P 2202. 
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Manufactured Rivets: Heat Treatment and Testing 

2307 Rivets of non-heat-treatable alloys are to be 
supplied in the annealed condition. 

Rivets of heat-treatable alloy are to be delivered 
to the shipyard in the heat treated condition specified. 
If, however, suitable facilities are available, then with 
the concurrence of the rivet manufacturer, the heat 
treatment may be carried out in the shipyard. 


2308 Rivets selected by the Surveyor from bulk 
are to withstand the tests described in 2309. 


2309 Test pieces, cut from the shanks of manu- 
factured rivets, of a length and diameter equal to the 
full diameter of the shank, shall, when cold, withstand 
being compressed in an axial direction, without cracking, 
until the diameter is increased to 1°6 times the original 
diameter. 
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WELDING OF ALUMINIUM ALLOYS 
General 


2401 For general requirements where welding is 
employed, see D 3127. 


Processes 

2402 The following welding processes are to be 
adopted in the welding of non-heat-treatable aluminium 
alloys:— 

Inert gas metal arc welding. 

Inert gas tungsten are welding. 

Other processes are to be submitted for approval. 


Filler Wire 
2403 The chemical composition of filler wire used 
in welding is to conform to the following requirements :— 


Copper ... not more than 0°10 per cent. 
Magnesium... ,, _,, snp ooeses ee 
$3 1 Pviless oni cee OO pS 
Tron irsemore! ay. a OciOukier e 
Silicon bse em re Uees ares 
Manganese ... ,,_,, Spe OORT Si 
Chromium ©. 7a) sFUNGHOap, mags 


Aluminium ... The remainder. 
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APPENDIX 
STEEL MANUFACTURERS 


The following establishments have complied with the requirements for quality and testing of steel and have been 
recognised by the Committee. 


Firms 1n GREaT BRITAIN AND IRELAND 


The Firms marked with an asterisk have received the Committee’s special approval under Rule P 502 for the 
manufacture of steel conforming to the requirements of P 5. 


Allen, Edgar, & Co., Ltd., Imperial Steel Works, Tinsley, Sheffield. (Castings.) 
Alston Foundry Co., Ltd., Nent Force Foundry, Alston, Cumberland. (Small castings.) 
Andrews Toledo, Ltd., Toledo Steel Works, Neepsend, Sheffield. (Ingots, billets and bars.) 
#* Appleby-Frodingham Steel Co., Branch of the United Steel Companies, Ltd., Scunthorpe, Lincs., 
Appleby Works. (Plates and blooms.) 
Frodingham Works. (Sections, bars and blooms.) 
Argus Foundry Ltd., Thornliebank, near Glasgow. (Small castings.) 
Atlas Steel Foundry and Engineering Co., Ltd., The, Armadale, West Lothian. (Castings.) 
Babcock & Wilcox, Ltd., Renfrew. (Small castings.) 
Baird, Archibald, & Sons, Ltd., Hamilton, Lanarkshire. (Castings.) 
Bairds & Scottish Steel, Ltd., Coatbridge, Lanarkshire, 
Northburn Works. (Ingots, billets, sections and bars.) 
Waverley Works. (Sections and bars.) 
Victoria Works. (Sections and bars.) 
Woodside Works. (Sheets and strips.) 
Coats Works. (Sections and bars.) 
Rochsolloch Works. (Sections and bars.) 
Baker, J., & Bessemer, Ltd., Kilnhurst Steel Works, near Rotherham. (Ingots and forgings.) 
Baker, W. A., & Co., Ltd., Westgate Works, Newport, Mon. (Castings.) 
Baker Perkins Ltd., Peterborough. (Small castings.) 
Barrow Steel Works, Ltd., Barrow-in-Furness, Lancashire. (Ingots, billets, bars and sections.) 
Beardmore, William, & Co., Ltd., Parkhead, Glasgow. (Castings, ingots, forgings, billets and blooms.) 
Blackett, Hutton & Co., Ltd., Cleveland Steel Foundry, Guisborough, Yorkshire. (Castings.) 
Blair, George, & Co., Ltd., Armond Carr Works, Tow Law, Co. Durham. (Castings.) 
Bond’s Foundry Co., Tow Law, Co. Durham. (Small castings.) 
Bonnington Castings, Ltd., Leith. (Small castings.) 
Braby, Fredk., & Co., Ltd., Eclipse Iron and Galvanizing Works, Glasgow. (Rolling mills for plates up to 4 inch 
in thickness.) 
British Rolling Mills, Ltd., Brymill Works, Tipton, Staffs. (Cold drawn bright bars.) 
Briton Ferry Steel Co., Ltd., Briton Ferry, Neath, Glamorgan. (Billets.) 
Brockhouse Castings, Ltd., Wednesfield, Wolverhampton. (Small castings.) 
Brown Bayley Steels, Ltd., Sheffield. (Ingots, forgings and bars.) 
Brown, The David, Industries, Ltd., (Foundry Division), Penistone, Yorks. (Castings.) 
Brown, Lenox & Co., Ltd., Pontypridd. (Castings.) 
Brymbo Steel Works, Brymbo, North Wales. (Electric steel for forging and re-rolling.) 
Carntyne Steel Castings Co., Ltd., Moorpark, Renfrew. (Castings.) 
Catton & Co., Ltd., Yorkshire Steel Foundry, Hunslet, Leeds. (Castings.) 
Clyde Alloy Steel Co., Ltd., Craigneuk Works, Flemington, Motherwell. (Castings.) 
Coghlan Forge & Rolling Mills, Ltd., and Coghlan Bright Steel, Ltd., Hunslet Forge, Leeds. (Rolling mills for bars ; 
forgings.) 
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* Colvilles Ltd., 
Dalzell Steel and Iron Works, Motherwell, Lanarkshire. (Plates, sections, bars and blooms.) 
Clydebridge Steel Works, Cambuslang, near Glasgow. (Plates.) 
Glengarnock Iron and Steel Works, Glengarnock, Ayrshire. (Sections and bars.) 
Ravenscraig Works, Ravenscraig, Lanarkshire. (Ingots.) 
* Consett Iron Co., Ltd., Blackhill, Durham. 
Consett Iron Co., Ltd., (Jarrow Mill), Blackett Street, Jarrow-on-Tyne. (Rolling mills for sections and rounds.) 
Crofts (Engineers), Ltd., Thornbury, Bradford. (Castings.) 
Cruikshank & Co., Ltd., Denny Iron Works, Denny, Stirlingshire. (Small castings.) 
Curran Steels Ltd., Cardiff. (Ingots and castings.) 
Darlington Forge Ltd., Albert Hill, Darlington. (Castings, ingots and forgings.) 
Darlington & Simpson, Rolling Mills Ltd., Darlington. (Rolling mills for small sections and bars.) 
Davy & United Roll Foundry, Ltd., Empire Works, Haverton Hill, Billingham, Co. Durham. (Castings.) 
* Dorman, Long (Steel) Ltd., 
Britannia Works, Middlesbrough. (Rolling mills for sections and bars.) 
Cleveland Works, South Bank, Middlesbrough. (Sections and bars.) 
Lackenby Works, Middlesbrough. (Ingots, billets, sections and bars.) 
Redcar Works, Redcar. (Plates.) 
English Steel Casting Corporation, Ltd., Grimesthorpe Works, Sheffield. (Ingots and castings.) 
English Steel Forge & Engineering Corporation Ltd., | 
English Steel Rolling Mills Corporation Ltd., \ 
North St. Works, Openshaw, Manchester. (Forgings, bars, plates up to 4 inch in thickness.) 
River Don Works, Sheffield. (Forgings, plates, billets and bars.) 
Stevenson Road Works, Sheffield. (Ingots, blooms, billets and bars.) 
Etna Iron and Steel Co., Ltd., Motherwell, Lanarkshire. (Rolling mills for sections and hars.) 
Firth, Thos. & John Brown, Ltd., 
Atlas Works, Sheffield. (Ingots, forgings, rolled bars and billets.) 
Scunthorpe Works, Scunthorpe, Lines. (Castings.) 
Firth Vickers Stainless Steels, Ltd., Sheffield. (Rolling mills for plates, bars and sections; also castings.) 
Fox, Samuel, & Co., Ltd., Stocksbridge Works, near Sheffield. (Jngots.) 
Glanmorfa Ltd., Llanelly. | (Castings.) 
Guest, Keen & Nettlefolds (South Wales), Ltd., Cardiff. 
Castle Works. (Rolling mills for bars and strips.) 
Tremorfa Works. (Rolling mills for bars and sections.) 
Guest Keen Iron & Steel Co., Ltd., East Moors, Cardiff. (Ingots, blooms and billets; sections and bars.) 
Hadfields, Ltd., East Hecla Works, Sheffield. (Ingots, blooms, billets, forgings, bars, special sections and castings.) 
Halesowen Steel Co., Ltd., The, Halesowen, near Birmingham. (Cold drawn bright bars.) 
Hamilton, A., & Sons, Ltd., Victoria Foundry, East Moors, Cardiff. (Small castings.) 
Head, Wrightson Steel Foundries, Ltd., 
Light Pipe Hall Road, Stockton-on-Tees. (Castings.) 
Teesdale Iron Works, Thornaby-on-Tees. (Castings.) 
Hopkinsons, Ltd., Britannia Works, Huddersfield, Yorkshire. (Castings.) 
Hyde, Robert & Son, Ltd., 
Clarendon Works, Chesterfield. (Small castings.) 
North Stafford Steel Works, Stoke-on-Trent. (Small castings.) 
Jackson, Ltd., Salford, Manchester. (Castings.) 
Jackson, Elphick & Co., Ltd., Larkhall, Lanarkshire. (Castings.) 
Jarrow Metal Industries, Ltd., Western Road, Jarrow. (Castings.) 
Jessop, W., & Sons, Ltd., Brightside Works, Sheffield. (Ingots, blooms, bars, forgings and castings.) 
Jopling, E., & Sons, Pallion, Sunderland. (Castings.) 
Kirkstall Forge Engineering, Ltd., Leeds. (Rolling mills for bars, forgings and heavy drop forgings.) 
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K. & L. Steelfounders & Engineers Limited, Letchworth, Hertfordshire. (Ingots and castings.) 
Lake & Elliot, Ltd., Engineers and Founders, Braintree, Essex. (Small castings.) 
Lanarkshire Stee] Co., Ltd., Motherwell, Lanarkshire. (Sections.) 
Lancashire Steel Manufacturing Co., Ltd., 
Irlam, Manchester. (Billets, bars, sections and castings.) 
Pearson & Knowles Works, Warrington, Lancs. (Rolling mills for sections and bars.) 
Leyland Motors, Ltd., Farington Foundries, Leyland. (Castings.) 
Lilleshall Iron & Steel Co., Ltd., St. George’s, near Oakengates, Shropshire. (Rolling mills for sections and bars.) 
Llanelly Steel Co. (1907) Ltd., Llanelly Steel Works, Llanelly. (Billets and bars.) 
Lloyd, F. H., & Co., Ltd., James Bridge, near Wednesbury, Staffordshire. (Castings.) 
Lloyds (Burton) Ltd., Wellington Works, Burton-on-Trent, Derbyshire. (Castings.) 
Lysaght’s, John, Scunthorpe Works Ltd., Scunthorpe, Lincs. (Ingots, billets and slabs.) 
Martins (Dundyvan), Ltd., Coatbridge, Lanarkshire. (Rolling mills for sections.) 
Mills, Exors. of James, Ltd., Bredbury Steel Works & Rolling Mills, near Stockport. (Rolling mills for bars.) 
Monks, Hall & Co., Ltd., Warrington. (Rolling mills for bars.) 
National Steel Foundry (1914), Ltd., The, Kirkland Works, Leven, Fifeshire. (Castings.) 
North British Steel Foundry, Ltd., The, Balbardie Steel Works, Bathgate. (Small castings.) 
Osborn, Samuel, & Co., Ltd., Clyde Steel Works, Sheffield. (Castings.) 
Park Gate Iron & Steel Co., Ltd., Rotherham, Yorkshire. 
Parker Foundry (1929) Ltd., ““Tropenas” Steel Works, Derby. (Small castings.) 
Patent Shaft Steel Works, Ltd., Wednesbury, Staffordshire. 
Raine & Co., Ltd., Delta Iron & Steel Works, Derwenthaugh, Newcastle-on-Tyne. (Rolling mills for sections and bars.) 
Redheugh Iron & Steel Co. (1936), Ltd., Teams, Gateshead-on-Tyne. (Rolling mills.) 
Renton & Fisher, Ltd., Hopetoun Steel Works, Bathgate. (Castings.) 
Robertson, Wm., Ltd., Latchford, Warrington. (Cold drawn bright bars.) 
Round Oak Steel Works, Ltd., Brierley Hill, Staffordshire. (Ingots, blooms, billets, bars and sections.) 
Ryder Brothers, Ltd. (Beehive Steel Foundry), Bolton. (Small castings.) 
Sanderson Brothers & Newbould Limited, Sheffield. (Ingots, billets and bars.) 
Shaw, W., & Co., Ltd., Wellington Cast Steel Foundry, Middlesbrough. (Castings.) 
Shelton Iron & Steel, Ltd., Stoke-on-Trent. (Ingots, billets, bars and sections.) 
Skinningrove Iron Co., Ltd., Skinningrove Iron Works, Saltburn-by-the-Sea. (Sections and bars.) 
Smith & McLean, Ltd., 
Gartcosh Works, Gartcosh, Lanarkshire. (Thin plates.) 
Milnwood Works, Mossend, Lanarkshire. (Thin plate and light sections.) 
* South Durham Steel & Iron Co., Ltd., 
West Hartlepool. (Plates.) 
Cargo Fleet Ironworks, Middlesbrough. (Sections and bars.) 
Spear & Jackson, Ltd., Sheffield. (Ingots and billets.) 
Springfield Steel Co., Ltd., 1823, London Road, Glasgow. (Castings.) 
Steel Company of Scotland, Ltd., 
Blochairn Works, Glasgow. (Plates.) 
Hallside Works, Newton, Glasgow. (Castings and sections.) 
Steel Company of Wales, Ltd., 
Abbey Works, Port Talbot. (Ingots, plates and strips.) 
Margam Works, Port Talbot. (Ingots.) 
Port Talbot Works, Port Talbot. (Ingots.) 
Steel, Peech & Tozer, Sheffield, Branch of The United Steel Companies Ltd. (Ingots, blooms, forgings, rivet and stay 
bars.) 
Stewarts & Lloyds, Ltd., 
Clydesdale Steel and Tube Works, Mossend, Lanarkshire. (Ingots, billets, slabs and strips for tubes.) 
Corby Open Hearth Works. (Ingots, billets, slabs, strips for tubes and electric resistance welded tubes.) 
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Stewarts & Lloyds, Ltd.—continued 
Alfred Hickman Branch, Bilston, Staffordshire. (Tube ingots, rolled billets and bars.) 
Landore, 8. Wales. (Seamless tubes for all purposes.) 
Tollcross Works, Tollcross, Glasgow. (Castings.) 
Summers, John, & Sons Ltd., Hawarden Bridge Steel Works, Shotton, Chester. (Slabs for plates.) 
Summersons Foundries, Ltd., Darlington. (Small castings.) 
Taylor Bros. & Co., Ltd., Trafford Park Steel Works, Manchester. (Ingots.) 
Thomas, Richard, & Baldwins, Ltd., 
Portardawe Works, near Swansea. (Ingots, billets and bars.) 
Redbourne Works, Scunthorpe. (Ingots, billets, bars and slabs.) 
Vickers-Armstrongs (Engineers) Ltd., 
Barrow-in-Furness. (Castings and forgings.) 
Elswick Works, Elswick, Northumberland. (Castings.) 
Washington Steel Foundries, Ltd., Washington Station 8.0., Co. Durham. (Castings.) 
West Lothian Steel Foundry Co., Ltd., Harthill Works, Armadale, West Lothian. (Small castings.) 
i Whitehead Iron & Steel Co., Ltd., Courtybella Works, Newport, Mon. (Rolling mills for strips, bars and sections.) 
Whitehead Thomas Bar and Strip Co., Ltd., Redbourne Works, Scunthorpe, Lines. (Rolling mills for bars and strips.) 
Williams, John, & Co. (Wishaw), 1922, Ltd., Excelsior Iron & Steel Works, Craigneuk, Motherwell, Lanarkshire. 
(Rolling mills for thin plates.) 
Wilson’s Foundry & Engineering Co., Ltd., Bishop Auckland, Co. Durham. (Castings.) 
Wolsingham Steel Co., Ltd., Wolsingham, Co. Durham. (Castings and forgings.) 
Workington Iron & Steel Co., Workington, Cumberland. (Flectric steel ingots.) 
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FIRMS IN COUNTRIES OTHER THAN GREAT BRITAIN AND IRELAND (ALPHABETICALLY ARRANGED) 
The Works marked with an asterisk have received the Committee’s special approval under rule P 502 for the 


manufacture of steel conforming to the requirements of P 5 


Note: The place of residence of the Surveyor giving attendance at each works is shown in parentheses. 


A.l. Iron & Steel Foundry, Ltd., Vancouver, B.C. 
(Small castings.) (VANCOUVER.) 


A.S.S.A. Acciaierie di Susa Societi Anonima, Turin, 
Italy. Head Office: Turin. Works: Susa. (Castings.) 
(GENOA.) 


Aceros del Zarzo 8.A. (Adeza), Cabanas, Puentedeume 
(La Coruna), Spain. (Ingots and small castings.) 
(ViGo.) 


“Acieroy’, Aciéries et Fonderies du Doubs, Société 
Anonyme, Sainte-Suzanne, near Montbéliard (Doubs), 
France. (Small electric steel castings.) (BELFORT.) 


Aichi Steel Works, Ltd., 
Chita Plant, Aichi Prefecture, Japan. 
forgings.) (KoBE.) 
Kariya Plant, Aichi Prefecture, Japan. (Ingots and 
forgings.) (KoBE.) 
Aleo Products, Inc., Latrobe, Pa., U.S.A. 
and forgings.) (PiTTsBuRGH, Pa.) 
Algoma Steel Corporation, Ltd., Sault St. Marie, Ontario, 
Canada. (Billets, bars, angles and plates.) (Toronvo.) 
Allard, Usines & Aciéries, Société Anonyme, Mont-sur- 
Marchienne, near Charleroi, Belgium. (Castings.) 
(ANTWERP.) 


Allard, Usines & Aciéries, Société Anonyme, Turnhout, 
Belgium. (Small castings.) (ANTWERP.) 
Alves, Alfredo, & Cia. (Filhos), Amadora, Portugal. 
(Castings.) (LiIsBon.) 
Amagasaki Iron & Steel Mfg. Co., Ltd., 
Kure Steel Works, Kure, Japan. (Ingots and castings.) 
(SHIMONOSEKI.) 
*Steel Plant, Amagasaki, Japan. 
sections and bars.) (KoBE.) 


American Rolling Mill Co., Middletown, O., U.S.A. 
(Castings and forgings.) (CLEVELAND, O.) 


(Ingots and 


(Ingots 


(Ingots, plates, 


Anderson, Aktiebolaget Abjérn, Svedala, near Malmé, 
Sweden. (Castings.) (Ma.mé.) 

Ando Iron Works Co., Ltd., Tokyo, Japan. 
forgings.) (YoKoHAMA.) 

Ansaldo-Fossati, Stabilimento Meccanico Metallurgico 
Genovese, S.p.A., Genoa-Sestri, Italy. (Forgings.) 
(GENOA.) 


“ ARBED,” 
Dudelange, 


(Small 


Aciéries Reunies de Burbach-eich- 


Division de Dommeldange, Dommeldange, Luxem- 
bourg. (Ingots, forgings and castings.) (ANTWERP.) 

Division de Belval, Esch-sur-Allzette, Luxembourg. 
(Ingots, blooms, billets, bars and angle bars.) 
(ANTWERP.) 

Division d’Esch, Esch-sur-Allzette, Luxembourg. 
(Rolling mills for bars and sections.) (ANTWERP.) 
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Division de Burbach, Sarrebruck, 
Burbach Works. (Ingots, billets and sections.) 
(SAARBRUCKEN-SAAR.) 
Hostenbach Works. (Plates.) (SAARBRUCKEN- 
SAAR.) 

Atlantic Steel Castings Co., 
(Castings.) (PHILADELPHIA.) 

Atlas Steels, Ltd., Welland, Ontario, Canada. (Ingots 
and bars.) (ToRONTO.) 

Aubert et Duval, Anciens Ets., Aciéries des Ancizes, 
Puy de Dome, France. (Ingots, rolled bars and forgings.) 
(Lyons.) 

August Thyssen-Hiitte, A.G., Duisburg-Hamborn, 
Germany. (Ingots, billets, sections and bars.) (DUSSEL- 
DORF.) 

* Australian Iron & Steel, Ltd., Port Kembla, N.S.W. 
(Plates, bars, sections and forgings.) (SYDNEY.) 

* Avesta Jernverks Aktiebolag, Avesta, Sweden. (Plates, 
sections and castings; also high pressure air receivers.) 
(SrocKHOLM.) 

Azuma Steel Works, Ltd., 

Azuma Plant, Tokyo, Japan. 
(YOKOHAMA.) 

Senju Plant, Tokyo, Japan. 
plates.) (YOKOHAMA.) 
Babcock & Wilcox, Sociedad Espanola de Construcciones. 

Head Office: Calle Ercilla 1, Bilbao, Spain. 
‘Works : Galindo-San Salvador Del Valle, Vizcaya, 
Spain. (Castings, ingots and forgings.) (BILBAo.) 

Bach & Co., Nordische Stahlwerke, Neumunster, 
Germany. (Castings.) (KKIEL.) 

Bakker, N.V., Machinefabriek-Staalgieterij, Ridderkerk, 
Holland. (Ingots and castings.) (ROTTERDAM.) 

Basconia, Compafiia Anonima, Bilbao,. Spain. (Plates, 
sections and bars.) (BILBAO.) 

Bergische Stahlindustrie K. G., Remscheid, Germany. 
(Castings.) (DussELDORF.) 

Bertoli fu Rodolfo, Societa Anonima Officine Fratelli, 
Udine, Italy. (Castings, forgings, bars and sections.) 
(TRIESTE.) 

Bethlehem Pacific Coast Steel Corporation, 

Los Angeles 54, Cal., U.S.A. (Round bars.) (Los 
ANGELES.) 

Seattle, | Wash., 
(SEATTLE.) 

South San Francisco, Cal., U.S.A. (Ingots, small 
sections and bars.) (SAN FRANCISCO.) 

Bethlehem Steel Co., 

Bethlehem, Pa., U.S.A. (Ingots, forgings, bars and 
sections.) (PHILADELPHIA.) 

Buffalo, N.Y., U.S.A. (CLEVELAND, 0.) 

Johnstown Plant, Johnstown, Pa., U.S.A. (Pirts- 
BURGH.) 


Chester, Pa., U.S.A. 


(Ingots for plate.) 


(Rolling mills for 


U.S.A. (Sections and bars.) 
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Lebanon, Pa., U.S.A. 
(PHILADELPHIA.) 
* Sparrows Point, Md., U.S.A. (Plates.) (BALTIMORE.) 
Steelton, Pa., U.S.A. (Forgings and castings.) 
(PHILADELPHIA.) 
Bhartia Electric Steel Co., Ltd., Caleutta, India. (Cast- 
ings.) (CALCUTTA). 
Birdsboro Steel Foundry & Machine Co., Birdsboro, Pa., 
U.S.A. (Castings.) (PHILADELPHIA.) 


Bjérneborgs Jernverks Aktiebolag, Bjérneborg, Sweden, 
(Melting furnaces and forge.) (GOTHENBURG.) 


Blanc-Misseron, Société Francaise des Acieries de, 
Quievrechain, Nord, France. (Ingots and castings.) 
(VALENCIENNES.) 

Bochumer Verein’ fiir Guss-stahlfabrikation A.G., 
Bochum, Germany. (Ingots, forgings, castings and 
bars.) (DUSSELDORF.) 

Boel, Usines Gustave, Soc. An., La Louviére, Belgium. 
(Ingots, forgings, castings, plates and bars.) (ANTWERP.) 

Bofors, Aktiebolaget, Bofors, Sweden. (Ingots, forgings, 
castings and rolled bars.) (GOTHENBURG.) 

Bohler, Gebr. & Co., Aktiengesellschaft, Vienna, Austria. 

Works: Kapfenberg, Styria. (Ingots, castings, 
forgings and bars.) (VIENNA.) 

Works: Bruckbach, Low Austria. 
for sections and bars.) (VIENNA.) 

* Bolzaneto, Acciaieria e Ferriera di, Genoa, Italy. Works: 
Genoa-Bolzaneto.. (Plates, sections and bars.) (GENOA.) 

Bolzano, Societa per Azioni Acciaierie di, Bolzano, Italy. 
(Castings, ingots, billets, bars and forgings.) (VENICE.) 

Boom, Travaux Metalliques de, Société Anonyme, 
Boom, Belgium. (Small castings.) (ANTWERP.) 

Borsig A.G., Berlin-Tegel, Germany. (Ingots, forgings 
and castings.) (HANOVER.) 

Boxholms A/B., Boxholm, Sweden. (Ingots, rolled slabs, 
blooms, billets, sections and bars.) (SvocKHOLM.) 


Bradford, Kendall, Ltd., Alexandria, Sydney, N.S.W. 
(Castings.) (SypNnry, N.S.W.) 


Brasileira de Usinas Metalurgicas, The Companhia, 
Usina de Neves, Sao. Goncalo, Estado do Rio de 
Janeiro, Brazil. (Ingots, sections and bars.) (Rio DE 
JANEIRO.) 


Breda Fucine S8.p.A., Fonderia Wegid e Macchine 
Industriali, Sesto "San Giovanni (Milan), Italy. 
(Castings and forgings.) (M1an.) 

Breda Siderurgica Societa per Azioni, Sesto San 
Giovanni, Milan, Italy. (Ingots and sections.) (MILAN.) 


Breitenbach, Ed., G.m.b.H., Weidenau-Sieg, Germany. 
(Castings.) (CoLOGNE.) 


Brescia, Acciaieria e Tubificio di, Societa Anonima, 
Brescia, Italy. (Ingots, sections and bars, castings, 
weldless drawn or water gas welded tubular material.) 
(Mian.) 


Broken Hill Proprietary Co., Ltd. 
*Tron & Steel Works, Newcastle, N.S.W. (Plates, 
bars, sections and castings.) (New CASTLE, N.S.W.) 


(Rolling mills for bars.) 


(Rolling mills 


Chap. P, Appendix 


LLOYD’S REGISTER OF SHIPPING 


Steel Foundry, Whyalla, 8. Australia. (Castings.) 
(WHYALLA.) 

Brugeoise et Nivelles, Société Anonyme La, St. Michel- 
lez-Bruges, Belgium. (Castings.) (ANTWERP.) 

Burmeister & Wain’s Maskin-og Skibsbyggeri, Aktiesel- 
skabet, Copenhagen, Denmark. (Ingots, forgings and 
castings.) (COPENHAGEN.) : 

Burn & Co., Ltd., Howrah, India. 
(CaLcuTta.) 

Byers Company, A.M., Economy, Pa., U.S.A. 
bars and ingots for forgings.) (PiTTSBURGH.) 

Caleotto, Acciaieria e Ferriera del, 8.p.A., Lecco, Italy. 
(Ingots, castings, bars, small sections and small forgings.) 
(MILAN.) 

Canada Foundries & Forging, Ltd., Welland, Ontario, 
Canada. (Forgings.) (ToRONTO.) 

Canadian Steel Foundries (1956), Ltd., Longue Pointe, 
Montreal, P.Q., Canada. (Castings.) (MOoNTREAL.) 
Canadian Sumner Iron Works Ltd., Vancouver, B.C. 

(Small castings.) (VANCOUVER.) 

Canadian Tube & Steel Products, Ltd., 5765, Hamilton 
Street, Montreal, P.Q., Canada. (Angles, bars and 
rivets.) (MONTREAL.) 

Canadian Unitcast-Steel, Ltd., Sherbrooke, P.Q., Canada. 
(Castings.) (MONTREAL.) 

Cantieri Del Tirreno, 8.p.A., Riva Trigoso, Genoa, Italy. 
(Small forgings.) (GENOA.) 

Cantieri Navali Riuniti. Head Office: Genoa. Works: 
Cantiere Navale ed Officine Meccaniche di Ancona. 
(Small castings.) (MiLAN.) 

Ceretti, Pietro Maria, §.p.A., Ferriera Dell’Ossola-Villa- 
dossola, Italy. (Castings.) ( ) 

* Charleroi, Société Anonyme de la Fabrique de Fer de, 
Charleroi, Belgium. (Ingots and plates.) (ANTWERP.) 


Chiers, Société des Hauts-Forneaux de la, Forges de 
Vireux Molhain, Vireux, Ardennes, France. (Plates, 
sections and bars. ) (VALENCIENNES. ) 

Christiania Spigerverk, Oslo, Norway. (Ingots and bars, 
also rivet bars.) (OsLO.) 

Clabecq, Société Anonyme Forges de, Clabecq, Belgium. 
(Ingots, plates, bars and sections.) (ANTWERP.) 

Cobianchi, Metallurgica Vittorio, Soc. Anon. Head Office : 
Milan, italy. Works : Omegna (Novara.) (Castings.) 
(Min An.) 


(Small castings.) 
(Plates, 


_ Cockerill-Ougrée, Société Anonyme, Seraing, Belgium. 


* Works : Grivegnée. (Ingots and plates.) (ANTWERP.) 
* Works: Ougrée. (ANTWERP.) 
* Works : Seraing. (ANTWERP.) 

Colorado Fuel & Iron Corporation, Minnequa Works, 
Pueblo, Colorado, U.S.A. (Ingots, bars and small 
sections.) (CLEVELAND, O.) 

Columbia-Geneva Steel Division, United States Steel 
Corporation, 


Torrance Works, Torrance, Calif., U.S.A. (Round 
bars and sections.) (Los ANGELES.) 
Geneva Works, Provo, Utah, U.S.A. (Plates.) 


(Los ANGELEs.) 
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Commonwealth Steel Co.. Ltd., Waratah, Newcastle, 
N.S.W. (Castings and forgings.) (NewcastLE, N.S.W.) 
Compagnie des Ateliers et Forges de la Loire, 

Usines de l’Ondaine, Firminy (Loire), France. 
(Ingots, billets, blooms, bars, castings and forgings.) 
(Lyons.) 

Usines de J’Ondaine, 
(Forgings.) (Lyons.) 

Usines de St. Chamond, St. Chamond (Loire), 
France. (Forgings and plates.) (Lyons.) 

*Usines de St. Etienne, St. Etienne (Loire), France. 
(Plates.) (Lyons.) 

Usines des Forges de l’Adour, Le Boucau, France. 
(Plates and sections.) (BORDEAUX.) 

Compagnie Generale des Aciers, Société Anonyme, 
Thy-le-Chateau, Belgium. (Castings.) (ANTWERP.) 

Compania Auxiliar de Ferrocarriles, Beasain, Guipuzcoa, 
Spain. (Small castings and forgings.) (BmBao.) 

Construcciones Agricolas, Sociedad Anonima de, 
(S.A.C.A.), Sevilla, Spain. (Castings.) (Canp1z.) 

Cornigliano S.p.A., Genoa, Italy. (Ingots and plates.) 
(GENOA.) 

*Creusot, Société des Forges et Ateliers du, (S.F.A.C.), 
Usines Schneider, Le Creusot, France. (Lyons.) 

Crucible Steel Castings Co., Lansdowne, Pa., U.S.A. 
(Castings.) (PHILADELPHIA.) 

Crucible Steel Company of America, Henry W. Oliver 
Building, Pittsburgh 30, Pa., U.S. _ 

Midland Plant, Midland, Pa, (Ingots, slabs, billets, 
universal mill plates, hot rolled and cold drawn 
bars.) (PITTSBURGH.) 

Park Works, Pittsburgh, Pa. (Hot rolled and cold 
drawn bars. sl (PITTSBURGH.) 

Daido Steel Co., 

Hoshizaki Weeks Nagoya, Japan. (Ingots and bars.) 
(KoBe.) 

Tsukiji Works, Nagoya, Japan. 
and castings.) (KoBE.) 

Dalmine S.p.A. Head Office: Milan, Italy. 
Dalmine Costa Volpino, Bergamo. (Seamless tubes.) 
(MILAN.) 
Dalmine Works, Bergamo. 
tubes.) (MILAN.) 
*Danske, (Det), Staalvalsevaerk A/S, Frederiksvaerk, 
Denmark. (Plates, sections and bars.) (COPENHAGEN.) 
Date Seiko Co., Ltd., Tokyo, Japan. (Castings.) 
(YOKOHAMA.) 

de Roll, Société des Usines de Louis, Gerlafingen, 
Switzerland. (Ingots, round bars and forgings.) 
(WINTERTHUR.) 

De Wendel et Cie., S/A., Hayange, Moselle, France. 


* Usine de Fenderié. (Plates.) (VALENCIENNES.) 
Usine de St. Jacques. (Sections.) (VALENCIENNES.) 
*Degerfors Jernverks Aktiebolag, Degerfors, Sweden. 

(Ingots, plates, sections and bars.) (GOTHENBURG.) 


Deusto, Sociedad Anonima Talleres de, Deusto, Bilbao, 
Spain. (Castings.) (BILBAo.) 


Unieux (Loire), France. 


(Ingots, forgings 


(Ingots and seamless 


or 
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Deutsche Edelstahlwerke A.G., Krefeld, Germany. 
(Ingots, castings, forgings and rolled materials.) 
(DussELDORF.) 

Dikkers, G., & Co., N.V., Hengelo, Holland. 
castings.) (AMSTERDAM.) 

Dingler, Karcher & Cie., G.m.b.H., Saarbriicken, Saar. 
(Castings.) (SAARBRUCKEN-SAAR. ) 

Dingler, Karcher & Cie., G.m.b.H., Saarlandisches 
Stahlwerk, Worms/Rhein, Germany.  (Castings.) 
(MANNHEIM.) 

Dodge Steel Company, Tacony, Philadelphia, Pa., U.S.A. 
(Small castings.) (PHILADELPHIA.) 


Dominion Foundries & Steel Ltd., Hamilton, Ontario, 
Canada. (Ingots, plates and castings.) (TORONTO.) 
Dominion Iron & Steel, Ltd., a subsidiary of Dominion 
Steel & Coal Corporation, Ltd., Sydney, Nova Scotia. 

(Ingots, billets and sections.) (Haurrax, N.S.) 


Donegal Steel Foundry Company, 601, East Market 


(Small 


Street, Marietta, Pa., U.S.A. (Castings.) (PHta- 
DELPHIA.) 

Dortmund - Hoerder Hiittenunion, A.G., Dortmund, 
Germany. 


* Dortmund-Hoerde Works. (Ingots, plates, sections, 
bars, forgings and castings.) (DoRTMUND.) 
Dortmund Works. (Bars, sections and forgings.) 
(DorTMUND.) 

Drammens Jernstoberi & Mek-Verksted, A/S, Drammen, 
Norway. (Small castings.) (Osto.) 

Dunswart Iron & Steel Works, Ltd., Benoni, South Africa. 
(Castings, ingots, billets and small sections.) (VEREENI- 
GING.) 

Duro-Felguera, Sociedad Metallurgica, La Felguera, 

sturias, Spain. (Ingots, billets, castings, plates and 
sections.) (BILBAO.) 

Echevarria, Sociedad Anonima, Bilbao, Spain. (Small 
sections and bars, small forgings and ingots.) (BILBAO.) 

Echeverria, Patricio, S.A., Legazpia, Spain. (Ingots, 
blooms and forgings.) (BrLBAo.) 

Kisen-und Stahlgiesserei Gebriider Decker, Niirnberg, 
Germany. (Electric steel castings.) (AUGSBURG.) 

Kisen-und Stahlwerk Pleissner G.m.b.H., Herzberg/Harz, 
Germany. (Castings.) (HANOVER.) 

Hisenwerk Geweke, R. & C. R. Lange K.G., Hagen- 
Haspe, Germany. (Electric steel castings.) (DORTMUND.) 

Eisenwerke Miilheim - Meiderich Aktiengesellschaft, 
Miilheim-Ruhr, Germany. (Castings.) (DUSSELDORF.) 

“ELCANO”’, Empresa Nacional, Factoria de Manises, 
Valencia, Spain. (Castings and forgings.) (VALENCIA.) 

Ellerbrock, Hans, Stahlgiesserei und Maschinenfabrik, 
Hamburg, Germany. (Castings.) (HAMBURG.) 

Enterprise Engine & Foundry Co., South City, Cal., 
U.S.A. (Castings.) (San FRANCISCO.) 

Erie Forge Co., Erie, Pa., U.S.A. (Ingots, forgings and 
castings.) (CLEVELAND, O.) 

Eschweiler Bergwerks-Verein Hiittenbetriebe, Esch- 
weiler-Aue, Germany. (Ingots and seamless tubes.) 
(DUSSsELDORF.) 
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Espafiola de Construccion Naval, Sociedad. 
Reinosa, near Santander, Spain. (Ingots, forgings, 
castings, plates and sections.) (BILBAO.) 


Sestao, near Bilbao, Spain. (Small castings, ingots 
and forgings.) (BiLBAo.) 


San Carlos Factory, San Fernando, Cadiz, Spain. 
(Forgings and castings.) (CapIz.) 


Est, Société des Aciers Fins de, Hagondange, Moselle, 
France. (Ingots, blooms, billets, bars, plates and sheets.) 
(VALENCIENNES.) 


Etablissements Gailly Fréres, Usine de Charleville, 
Charleville, Ardennes, France. (Small castings.) 
(VALENCIENNES.) 2 


Euskalduna, Compafiia, Talleres de Elorrietta, Bilbao, 
Spain. (Castings.) (BrLBao.) 
Fabrica Italiana Tubi, Societ’ Anonima, Sestri-Levante, 


Italy. (Ingots, billets and weldless rolled and drawn 
tubes.) (GENOA.) 


Fagersta Bruks Aktiebolag, Fagersta, Sweden (Brukskon- 
cernen.) 

Works: Fagersta. (Blooms, billets, forgings, rolled 
bars and electric resistance welded -tubes.) (Stock- 
HOLM.) 

Works : Forsbacka. (Blooms, billets, forged and rolled 
bars.) (StocKHOLM.) 

Works : Horndal. (Bars and angles.) (SrockHoLM.) 

Works : Osterbybruk. (Castings, forgings and rolling 
mill for bars.). (SrocKHOLM.) 

Faggian, Acciaierie Elettriche Pio, Soc. per Azioni, 
La Spezia, Italy. (Small castings.) (LA Sprzta.) 


Falck, Acciaierie e Ferriere Lombarde. Head Office & 
Works : Milan, Italy. (Weldless rolled or drawn tubes.) 
(Mian.) . 

*“Concordia.”” Works: Sesto San Giovanni. (Rolling 
mills for plates.) (M1LAN.) 
“Unione.” Works: Sesto San Giovanni. (Ingots, 
sections, bars, forgings and castings.) (M1AN.) 

Falk Corporation, Milwaukee, Wis., U.S.A. (Castings.) 

(CLEVELAND, O.) 


Ferry-Capitain & Cie., Société, Bussy, prés Joinville, 
Haute-Marne, France. (Electric steel castings.) 
(BeLFort). ; 


* FIAT, Societa per Azioni, Sezione Ferriere Piemontesi, 
Turin, Italy. (Ingots, plates, sections, also seamless and 
welded tubes.) (GENOA. ) 

FIAT, Societ&é per Azioni, Sezione Industrie Metallur- 
giche Acciaierie, Turin, Italy. (Castings.) (GENOA.) 
Finkl, A., & Sons Company, Chicago, IIl., U.S.A. 

(Forgings.) (CLEVELAND, O.) 

Firminy, Société Anonyme des Aciéries et Forges de, 
Usine des Dunes Leffrinckoucke, Boite Postale No. 41, 
Malo-les-Bains, France. (Ingots, billets, blooms, bars 
and forgings.) (VALENCIENNES.) 

Fischer, Société Anonyme des Aciéries ci-devant Georges, 
Schaffhouse, Switzerland. (Castings.) (WINTERTHUR.) 
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Fives-Lille-Cail, Société de, 
Usine de Fi ives, Lille (Nord), France. 
castings and forgings.) VALENCIENNES.) 
Usine de Denain, Denain (Nord), France. (Castings, 
ingots, forgings, blooms, bars and sheets.) (VALEN- 
CIENNES.) 
Fonderia Acciaieria Giovanni Mandelli, Turin, Italy. 
(Small castings.) (GENOA.) 


Frichs A/S, Aarhus, Denmark. (Castings.) (CopENHAGEN.) 
Fuji Iron & Steel Co., Ltd 
* Works: Hirohata, Himeji City, Japan. 
billets and plates.) (Kopr.) 
Works: Kamaishi, Japan. 
(YOKOHAMA.) 
Works : Kawasaki, Japan. (Rolling mills for strips 
for electric resistance welded tubes.) (YOKOHAMA.) 
Works : Muroran, Hokkaido, Japan. (Billets, sections 
and bars.) (YOKOHAMA.) 

Fujinagata Shipbuilding Co., Ltd., Osaka, 
(Castings and forgings.) (Koxr.) 

Fundiciones Escorsa 8.A., Pi y Margall, 2- Hospitalet de 
Llobregat, Barcelona, Spain. (Castings.) (BARCELONA.) 

Fundiciones Ituarte 8.A., Bilbao, Spain. (Small castings.) 
(BriBao.) 

General Metals Corporation, Oakland, Cal., 
(Castings.) (SAN FRANCISCO.) 

General Steel Castings Corporation, Eddystone, Pa., 
U.S.A. (Castings.) (PHILADELPHIA.) 

Gennevilliers, Aciéries de, Gennevilliers, Seine, France. 
(Castings.) (VALENCIENNES. ) 

Gilson, Société Anonyme des Usines, Belgium. 

La Croyére (Bois d’Haine). (J ngots, blooms, sections, 
rivet bars and forgings. ) (AntTWERP.) 

Division “Baume”, Haine-St.-Pierre. 
and sections.) (AnTWERP.) 

Go Iron Works, Ltd., Ogaki Works, Ogaki, 
(Small castings.) (KoBeE.) 

Gorizia, Societa Anonima Fonderie Officine di, Gorizia, 
Italy. (Small castings.) (TRIESTE.) 

Granite City Steel Co., Granite City, IIL, 
(CLEVELAND, O.) 

Great Lakes Steel Corporation, Division of National Steel 
Corporation, Ecorse, Detroit 29, Michigan, U.S.A. 
(Ingots, billets, bars, slabs, plate, blooms, sheet and 
coiled strip.) (CLEVELAND.) 

Gresele, Acciaicrie Valbruna di Ernesto, Vicenza, Italy. 
(Castings, bars, sections and forgings.) (VeNIcE.) 


(Ingots, 


(Ingots, 
(Sections and bars.) 


Japan. 


US.A. 


(Ingots, bars 


Japan. 


U.S.A. 


. Grosse Forge, Aciéries et Ateliers de, Maurice Dembier- 


mont & Cie., Hautmont (Nord), France. 
(VALENCIENNES.) 

Guérigny, Forges Nationales de la Chaussade a 
Niévre, France. (Ingots, bars and forgings.) (Lyons.) 

Gussstahlwerk Carl Bénnhoff, Wetter/Ruhr, Germany, 
(Castings.) (DorrmunD.) 

Gussstahlwerk Gelsenkirchen A.G., Gelsenkirchen, 
Germany. (Castings.) (DUSSELDORF.) 

Gussstahlwerk Oberkassel A.G., Diisseldorf-Oberkassel, 
Germany. (Castings.) (DUSSELDORF.) 

Gussstahlwerk Risch K.G., Bergisch-Gladbach, Germany. 
(Electric steel castings.) (DUSSELDORF.) 


(Forgings.) 
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Gussstahlwerk Witten A.G., Witten (Ruhr), Germany. 
(Ingots, billets, sections, bars and forgings.) (DORTMUND.) 

Gussstahlwerk Wittman A.G., Hagen-Haspe, Germany. 
(Castings.) (DortTmMuND.) 

Gutehoffnungshiitte Sterkrade A.G., Werk Sterkrade, 
Oberhausen-Sterkrade, Germany. (Forgings.) (DUssEL- 
DORF.) 

Hadfields Steel Works, Ltd., Alexandria, Sydney, N.S.W. 
(Castings and forgings.) (SYDNEY.) 

Hadfields (W.A.) 1934 Ltd., Perth, Western Australia, 
(Castings.) (FREMANTLE.) 

*Hahn’sche Werke, A.G., Duisburg-Grossenbaum, Ger- 
many. (Bars and electric resistance welded tubes.) 
(DussELDORF.) 

Hainaut-Sambre, Société Metallurgiques, 8.A., Couillet, 
Belgium. 

* Division de Couillet. (Ingots, blooms, bars, forgings 
and castings.) (ANTWERP.) 
Division de Montignies et Chatelineau. 
mill.) (ANTWERP.) 

Haine St. Pierre et Lesquin, Aciéries de, Société Anonyme, 
Haine St. Pierre, Belgium. (Castings.) (ANTWERP.) 
Lesquin-lez-Lille (Nord.), France. (Castings.) (VALEN- 

CIENNES.) 

Hakodate Dock Co., Ltd., Hakodate Shipyard, Hakodate, 
Japan. (Small forgings and castings.) (YOKOHAMA.) 
Hallstahammar Aktiebolag, Hallstahammar, Sweden. 

(Castings and bars.) (StOCKHOLM.) 

Harima Shipbuilding & Engineering Co., Ltd., Aioi, 
Japan. (Castings and forgings.) (Kose.) 

Haselgruber, Johann, Eisenwerke Wordern, St. Andra- 
Wordern, Low Austria. (Ingots, sections and bars.) 
(VIENNA.) 

Hatakeyama Iron Works Co., Ltd., Komatsugawa 
Works, Tokyo, Japan. (Small forgings.) (YOKOHAMA.) 

Helsingors Skibsvaerft-og Maskinbyggeri A/S, Aktiesel- 
skabet, Elsinore, Denmark. (Jngots, forgings and 
castings.) (COPENHAGEN.) 

d’Hennebont, Forges, Hennebont, Morbihan, France. 
(Castings.) (NANTEs.) 

Henricot, Usines Emile, Court St. Etienne, Belgium. 
(Castings.) (ANTWERP.) 

Hierros y Aceros Industriales 8.A., San Adrian de Besos, 
Barcelona, Spain. (Small castings.) (BARCELONA.) 
d’Hirson §.A., Aciéries, Hirson, Aisne, France. (Castings.) 

(VALENCIENNES.) 

Hitachi, Ltd., 

Hitachi Works, Hitachi, Japan. (Castings.) (Yoxo- 
HAMA.) 

Kasado Works, Kudamatsu, Japan. (Castings and 
forgings.) (SHIMONOSEKI.) 

Mito Works, Katsutashi, Ibaragi-ken, Japan. 
(Ingots, forgings and castings.) (YOKOHAMA.) 

Hitachi Metal Industries, Ltd., 

Yasugi Works, Yasugi, Japan. 
(KoBE.) 

Tobata Works, Tobata, Japan 


(Rolling 


(Ingots and bars.) 


(Castings.) (Kose. ) 
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Hitachi Shipbuilding Co., Ltd., Chikko Shipyard, Osaka, 
Japan. (Castings and forgings.) (KoBE.) 

Hitachi Shipbuilding & Engineering Co., Ltd., Innoshima 
Shipyard, Innoshima, Japan. (Forgings and small 
castings.) (KOoBE.) 

Hoesch-Westfalenhiitte A.G., Dortmund, Germany. 
(Ingots, billets, plates, bars and sections.) (DoRTMUND.) 

Hokuriku Kogyo Co., Ltd., Sanjo Plant, Sanjo, Niigata 
Prefecture, Japan. (Small Forgings.) (YOKOHAMA.) 


Howa Machinery, Ltd., Aichi Prefecture, Japan. 
(Castings.) (KoBRE.) 
Huta 1-Go Maja, Gliwice, Poland.  (Forgings.) 


(KATOWICE.) 

Huta Baildon, Katowice, Poland. 
bars.) (KATOWICE.) 

*Huta Batory, Chorzow-Batory, Poland. 
plates and tubes.) (KaToWICcE.) 

Huta Bieruta, Czestochowa, Poland. 
(KATOWICE.) 

Huta Bobrek, Bytom, Poland. (Ingots, slabs and blooms.) 
(KaTOWICE.) 


(Ingots, forgings and 
(Forgings, 
(Seamless tubes.) 


Huta Dzierzynskiego, Dabrowa Gornicza, Poland. 
(Billets, sections and bars.) (KatTowIce.) 

Huta Florian, Swietochlowice, Poland. (Angles and 
bars.) (KATOWICE.) 

Huta Jednose, Siemianowice Slaskie, Poland. (Ingots 


and seamless tubes.) (KATOWICE.) 
Huta Kosciuszko, Chorzow, Poland. 
sections and rivet bars.) (KATOWICE.) 
Huta Labedy, Labedy, Poland. (Flats and sections. 
(KATOWICE.) 

Huta Lenina, Krakow, Poland. 
to12 mm.) (KaTowIce.) 
Huta Malapanew, Ozimek k/Opola, Poland. 

(KATOWICE.) 
Huta Nowotki, Ostrowiec 
(Sections.) (KATOWICE.) 
Huta Poko}, Nowy Bytom, Poland. (Plates and sections.) 
(KATowWICE.) ‘ 

Huta Sosnowiec, Sosnowiec, Poland. (Castings and 
seamless tubes.) (KATOWICE.) 

Huta Stalowa Wola, Stalowa Wola, Poland. 
forgings, plates and sections.) (KaTowIcr.) 

Huta Z.M.G.S., Elblag, Poland. (Castings.) (GDANSK.) 

Huta Zawiercie, Zawiercie, Poland. (Flats and bars.) 
(KATOWICE.) 

* Hiittenwerk Haspe, A.G., Hagen-Haspe (Dortmund), 


(Billets, blooms, 


(Ingots, slabs, plates up 
(Castings.) 


Swietokrzyski, Poland. 


(Castings, 


Germany. (Ingots, plates, bars and sections.) (Dorr- 
MUND.) 
Hiittenwerk Ilsede-Peine, A.G., Peine, Germany. 


(Ingots, billets, sections and bars.) (HANOVER.) 


*Hiittenwerk Oberhausen A.G., Oberhausen, Germany. 
(Ingots, plates, sections and bars.) (DUSSELDORF.) 


Hiittenwerk Rheinhausen A.G., Rheinhausen, Germany. 
(Bars and sections only.) (DUssELDORF.) 


*Hiittenwerk Salzgitter A.G.,  Salzgitter - Driitte, 
Germany. (Jngots and plates.) (HANOVER.) 
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Hiittenwerke Siegerland A.G., Niederschelden, Germany. 
(Ingots and slabs.) (COLOGNE.) 


lino Sangyo K.K., Maizuru Dockyard, Maizuru, Japan. 
(Forgings and castings.) (KKOBE.) 

Ilva me Forni e Acciaierie d’Italia. Head Office : Genoa, 
Italy. 

Stabilimento di Bagnoli. (Ingots, sections and bars.) 
(NAPLES.) 
Stabilimento di Genoa-Voltri. (Rivets.) (GmrNOA.) 
Stabilimento di Lovere. (Sections, bars, castings and 
forgings.) (Miman.) 
Stabilimento di Marghera. (Castings, also rolling 
mills for small sections and bars.) (VENICE.) 
*Stabilimento di Novi Ligure. (Sections, bars and 
plates.) (GENOA.) 
Stabilimento di Porto Vecchio de Piombino. (Ingots, 
blooms, sections and bars.) (LEGHORN.) 
*Stabilimento di Servola. (Ingots and _ plates.) 
(TRIESTE.) 

d’Imphy, Société Metallurgique, Aciéries d’Imphy 
(Niévre), France. (Ingots, forgings, bars and sections.) 
(Lyons.) 

Indian Iron & Steel Co., Ltd., Burnpur Works, Burnpur, 
West Bengal, India. (Sections and angles.) (CaLcuTta.) 

Industrial Steels, Ltd., Lidcombe, Sydney, N.S.W., 
Australia. (Castings.) (SYDNEY.) 

Industrias Mecanicas, Sociedad Anonima, Barcelona, 
Spain. (Castings.), (BARCELONA.) 

*Inland Steel Co., Indiana Harbor, Ind., U.S.A. 
(Ingots, blooms, billets and slabs.) (CLEVELAND, O.) 

Isaacson Iron Works, P.O. Box 3028, Seattle 14, Wash., 
U.S.A. (Ingots.) (SEATTLE.) 

Ishikawajima Heavy Industries Co., Ltd., Tokyo, Japan. 
(Ingots, forgings and castings.) (YOKOHAMA.) 

Izuo Chukosho’ Co., Ltd., Osaka, Japan. (Castings.) 
(Kopsr.) 

Jadot, Société Anonyme Etablissements, 
Belgium. (Small castings.) (ANTWERP.) 
Japan Special Steel Co., Ltd., Tokyo, Japan. (Forgings.) 

(YOKOHAMA.) 

Japan Steel Works Ltd., 

Hiroshima Works, Hiroshima, Japan. 
and castings.) (SHIMONOSEKI.) 
*Muroran Works, Muroran, Japan. (Ingots, forgings, 

castings and plates.) (YOKOHAMA.) 

Jemappes, Société Anonyme Forges et Laminoirs de, 
Jemappes, near Mons, Belgium. ° (Ingots, blooms and 
bars.) (ANTWERP.) 

Jeumont, Forges et Ateliers de Constructions Electriques 
de, Jeumont (Nord), France. (Castings.) (VALEN- 
CIENNES.) 

Jones & Laughlin Steel Corporation, Pittsburgh, Pa., 
U.S.A. (PrrrsBuRGH.) 

K.G.M. Vaskohdszati Igazgatésd4g, Budapest, Hungary. 

Works: Lenin Kohaszati Miivek, Miskole-Didésgyér. 
(Ingots, slabs, sections and bars.) (VIENNA.) 


Works: Loérina Hengermii, Budapest. (Rolling mill 
for plates.) (VIENNA.) 


Beloeil, 


(Forgings 
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Works: Ozdi Kohaszati iizemek, Ozd. (Ingots, 
slabs, plates, sections and bars.) (VIENNA.) 
Kaiser Steel Corporation, Fontana, Cal., U.S.A. (Ingots 

and plates.) (Los ANGELES.) } 
Kakegawa Endo Iron Works Co., Ltd., Kakegawa, Japan. 
(Forgings.) (YOKOHAMA.) 
Kansai Tekko Co., Ltd., Amagasaki, Japan. 
forgings.) (KoBE.) 
Kanthal, A/B, Hallstahammar, Sweden. (Castings and 
bars.) (STOCKHOLM.) 
Kanto Special Steel Works, Ltd., Fujisawa, Kanagawa 
Pref., Japan. (forgings.) (YOKOHAMA.) 
Kanto Steel Co., Ltd., Shibukawa Works, Shibukawa, 
Japan. (Ingots, small forgings and bars.) (YOKOHAMA.) 
Kawaguchi Kinzoku Kogyo Kabushiki Kaisha, Kawag- 
uchi, Japan. (Castings). (YOKOHAMA.) 
Kawasaki Dockyard Co., Ltd., Kobe, Japan. (Forgings 
and castings.) (IKOBE.) 
Kawasaki Rolling Stock Mfg. Co., Ltd., Kobe, Japan. 
(Castings.) (KoOBE.) 
Kawasaki Steel Corporation. 
Chiba Works, Chiba. (Slabs for plates.) (YOKOHAMA.) 
* Fukiai Works, Kobe. (Plates.) (KoBr.) 
Hyogo Works, Kobe. (Castings and forgings.) (Kosr.) 
Nishinomiya Works, Nishinomiya. (Rolling mills 
for plates up to 14 mm. in thickness.) (KoBE.) 
Kilby Steel Co., Furnace Division, Anniston, Alabama, 
U.S.A. (Ingots.) (MoBILr.) 


Klafrestréms Bruk, A/B., Klavrestrém, Sweden. (Small 
castings.) (GOTHENBURG.) 


(Small 


Klinger, Rich., Aktiengesellschaft, Gumpoldskirchen, 


near Vienna, Austria. (Small castings.) 

Klockner - Georgsmarienwerke A.G., 
Germany. 
(HANOVER.) 

Klockner - Mannstaedtwerke G.m.b.H.,  Troisdorf, 
Germany. (Rolling mills for sections.) (COLOGNE.) 

* Kléckner-Hiitte Bremen, A.G., Bremen, Germany. 
(Plates.) (BREMEN.) 

Kobe Steel Works, Ltd., Kobe, Japan. (Castings and 
forgings.) (Kosr.) 

Kobe Steel Works, Ltd., Takasago Plant, Arai, Japan. 
(Ingots, forgings and castings.) (KoBE.) 

Kockums Jernverk, Kallinge, Sweden. 
(MaAuMo.) 

Kohlswa Jernverks Aktiebolag. (Melting furnaces, 
foundry forge and rolling mills for bars and small 
sections at Kolsva, Sweden.) (SrocKHOLM.) 

Kokko Chain & Machinery Manufacturing Co., Ltd., 
Osaka, Japan. (Angles, bars and castings.) (KoBr.) 

Komatsu Manufacturing Co., Ltd., 

Komatsu, Japan, (Castings.) (KoBE.) 
Osaka Plant, Hirakata, Osaka Prefecture, Japan. 
(Castings.) (KoBe.) 

Koninklijke Demka Staalfabrieken N.V., Utrecht, 
Holland. (Ingots, forgings, blooms, billets and castings; 
also rivet bars.) (AMSTERDAM.) 


(VIENNA.) 


Osnabriick, 
(Ingots, bars, forgings and castings.) 


(Castings.) 
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* Koninklijke Nederlandsche Hoogovens & Staalfabrieken 
.V. (Royal Netherlands Blast-furnaces & Steel 

Works, Ltd.), Ymuiden, Holland. (Plates and sections.) 
(AMSTERDAM.) 

Kotobuki Kogyo Co., 
(Castings.) (KoBE.) 

Krauss-Maffer A.G., Miinchen-Allach, 
(Castings.) (AUGSBURG.) 

Kure Shipbuilding & Engineering Co., Ltd., Kure, 
Japan. (Small forgings.) (SHIMONOSEKI.) 

Kureha Seitetsu Co., Ltd., Toyama, Japan. 
(YOKOHAMA.) 

Kurimoto Iron Works Ltd., Kagaya Works, 
Japan. (Castings). (Kopr.) 

La Maquinista Terrestre y Maritima, §.A., Barcelona, 
Spain. (Castings and forgings.) (BARCELONA.) 


Ltd., Hiro Works, Kure, Japan. 


Germany. 


(Ingots.) 


Osaka, 


*Laminoirs, Société Anonyme des, Hauts-Fourneaux, 
Forges et Fonderies de la Providence, Hautmont 
(Nord), France. (Ingots, plates and sections.) (V ALEN- 
CIENNES.) 

Larssons, A/B P.S., Gjuteri & Aduceringsverk, Eskil- 
duna, Sweden. (Castings.) (STOcKHOLM.) 

Lebanon Steel Foundry, Lebanon, Pa., U.S.A. (Small 
castings.) (PHILADELPHIA.) 

Leonard-Giot, Société Anonyme Usines & Aciéries, 
Marchienne-au-Pont, Belgium. (Castings.) (ANTWERP.) 


Lesjéfors Aktiebolag, Lesjéfors, Sweden. (Ingots and 
bars.) (GOTHENBURG.) 
Llodio, Ltda., Aceros de, Llodio, near Bilbao, Spain. 

(Small castings, ingots and forgings.) (BiLBAo.) 

Lokomo Oy, Tampere, Finland. (Ingots, forgings and 
castings.) (ABO.) 
Lorraine-Escaut 8.A., 

Departement Tubes, Usine d’Anzin, Anzin (Nord), 
France. (Ingots and weldless rolled or drawn tubes.) 
(VALENCIENNES.) 

*Usine de Longwy, Section Mont-St.-Martin, Mont- 
St.-Martin (Meurthe et Moselle), France. (Sections 
and plates.) (VALENCIENNES.) 

Usine de Longwy, Section Senelle, Longwy-Bas 
(Meurthe et Moselle), France. (Ingots, blooms, 
bars and sections.) (VALENCIENNES.) 

Usine de Sedan, Sedan (Ardennes), France. (Plates.) 
(VALENCIENNES.) 

Usine de Thionville, Thionville (Moselle), France. 
(Forgings.) (VALENCIENNES.) 


Los Angeles Steel Casting Co., Los Angeles, Cal., U.S.A. 
(Castings.) (Los ANGELES.) 

*Lukens Steel Company, Coatesville, 
(Plates.) (PHILADELPHIA.) 

Luzuriaga, Victorio, S.L., Pasajes, Guipuzcoa, Spain. 
(Castings.) (BiLBAo.) 

Lynn Macleod Metallurgy Ltd., Thetford Mines, P.Q., 


Pa., U.S.A. 


Canada. (Castings.) (MONTREAL.) 
Maekawa Electric Steel Castings Co., Osaka, Japan. 
(Castings.) (KoBeE.) 
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Makine ve Kimya Endustri, Celik Fabrikasi, Kirikkale, 
Turkey. (Ingots, forgings, rolled sections and bars.) 
(ISTANBUL.) 


Mangolds Engineering, Port Elizabeth, South Africa. 
(Small castings.) (DURBAN.) 

Manitoba Rolling Mill Co., Ltd., Selkirk, Manitoba, 
Canada. (Billets, bars and sections.) (MONTREAL.) 


* Mannesmann Hiittenwerke A.G., Duisburg-Huckingen, 
Germany. (Ingots, plates, sections and bars.) (DussEL- 
DORF.) 

Manufacturas de Acero S. A., Badalona, Barcelona, 
Spain. (Small castings.) (BARCELONA.) 


Maritime Steel and Foundries, Ltd., New Glasgow, 
Nova Scotia. (Small castings.) (Hatirax, N.S.) 


Marpent, Aciéries & Ateliers de Construction de, Marpent 
(Nord), France. (Castings.) (VALENCIENNES.) 


Marquise, Usines Métallurgiques de, Rinxent, Pas-de- 
Calais, France. (Castings.) (VALENCIENNES.) 

Marrel Fréres, Société Anonyme des Etablissements, 
Usine des Etaings, near Rive-de-Gier (Loire), France. 
(Lyons.) 

Mason & Cox, Ltd., Adelaide, 8. Australia. (Castings.) 
(ADELAIDE.) 

Material y Construcciones §.A., Barcelona, Spain. 
(Castings.) (BARCELONA.) 

Maubeuge, Société Anonyme de la Fabrique de Fer de, 
Louvroil (Nord), France. (Ingots and plates.) (VALEN- 
CIENNES.) 

Melbourne Iron & Steel Mills Pty., Ltd., Brooklyn, 
Melbourne, Australia. (Ingots.) (MELBOURNE.) 


Meridionales, Fonderies, Marseilles, France. (Castings.) 
(MARSEILLES.) 


Metal & Steel Factory, Ishapore, West Bengal, India. 
(Ingots, blooms, billets and forgings.) (CaLcuUTTA.) 
Metallurgica Marcora, Busto Arsizio (Varese), Italy. 

(Weldless rolled and drawn tubes.) (Man.) 
Metalurgica Duarte Ferreira §.A.R.L., 
Portugal. (Castings.) (LisBon.) 


MIAG (Muhlenbau und Industrie G.m.b.H.), Braun- 
schweig, Germany. (Castings.) (HANOVER.) 

Midvale-Heppenstall Company, Nicetown, Philadelphia, 
Pa., U.S.A. (Forgings.) (PHILADELPHIA.) 

Miike Machinery Works of the Mitsui Mining Co., Ltd., 
Omuta-Shi, Japan. (Castings.) (SHIMONOSEKI.) 
Milanesi Vanzetti, Fonderie Acciaierie, Milan, Italy. 

(Castings.) (Mman.) 
Mineracao Geral do Brazil, Lda., Sao Paulo, Brazil. 
(Ingots and weldless tubes.) (Rio DE JANEIRO.) 


Mitsubishi Heavy Industries Reorganized Ltd., 


Tramagal, 


Kobe Shipyard & Engine Works, Kobe, Japan. 
(Ingots, forgings and castings.) (KoBE.) 
Mihara Engineering Works, Mihara, Japan. 


(Castings and forgings.) (KoBRE.) 
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Mitsubishi Kozai Kabushiki Kaisha, Tokyo, Japan. 
Main Works. (Rolling mills for billets and bars.) 
(YOKOHAMA.) 
Fukagawa Works. (Billets and bars.) (YOKOHAMA.) 
Hirota Works. (Ingots.) (YOKOHAMA.) 

Mitsubishi Nippon Heavy Industries Ltd., Yokohama 
Shipyard and Engine Works, Yokohama, Japan. 
(Ingots, blooms, small forgings and castings.) (YoxKo- 
HAMA.) 

Mitsubishi Shipbuilding and Engineering Co., Ltd., 

Hiroshima Works, Hiroshima, Japan. (Ingots, 
castings and small forgings.) (SHIMONOSEKI.) 
Hiroshima Precision Machine Works, Hiroshima, 

Japan. (Small forgings.) (SHIMONOSEKI.) 
Shimonoseki Works, Shimonoseki, Japan. (Small 
forgings.) (SHIMONOSEKI.) 

Mitsubishi Steel Manufacturing Co., Ltd., Nagasaki 
Works, Japan. (Ingots, blooms, plates, forgings and 
castings.) (SHIMONOSEKI.) 

Mitsubishi Zosen K.K. (Mitsubishi Shipbuilding and 
Engineering Co., Ltd.) Nagasaki Shipyard and Engine 
Works, Saiwai-Machi, Nagasaki, Japan. (Castings and 
small forgings.) (SHIMONOSEKI.) - 

Mitsuboshi Iron Works Co., Ltd., Osaka, Japan. (Small 
forgings.) (KoBE.) 

Mitsui Shipbuilding & Engineering Co., Ltd., Tamano, 
Japan. (Ingots, forgings and castings.) (KoBE.) 

Mitsumoto Valve Manufacturing Co., Ltd., Domyoji, 
Osaka, Japan. (Small castings.) (KoBE.) 

Montlugon, Commentry, Société des Forges et Ateliers 
de, Usines St. Jacques, Montlugon (Allier), France. 
(Castings, ingots, forgings, sheets and sections.) (LYONS.) 

Motala Verkstad, A/B, Motala Verkstad, Sweden. 
(Ingots, forgings, castings, sections and bars.) (GOTHEN- 
BURG.) 

Motomeccanica, Societa per Azioni, Milan, Italy. (Small 
castings.) (GENOA.) 

Mukand Iron & Steel Works, Ltd., Kurla, Bombay,37, 
India. (Castings.) (BomBAY.) 

Nacional Steel Works, Compafiia Siderurgica, Volta 
Redonda, Est. do Rio de Janeiro, Brazil. (Plates 
and sections.) (R10 DE JANEIRO.) 

Nakayama Steel Works, Osaka, Japan. (Ingots, forgings, 
and plates up to 25 mm. in thickness.) (KoBE.) 

National Iron & Steel Co., Ltd., Stephen House, 
Calcutta, 1, India. (Castings.) (CaLcurra.) 

National Malleable and Steel Castings Co., Sharon, Pa., 
U.S.A. (Castings.) (PrrTsBURGH.) 

Navalmeccanica §/A, Officine Meccaniche e Fonderie, 
Naples, Italy. (Castings.) (NAPLEs.) 

Nazionale “Cogne’’, 8.p.A. Head Office: Turin. Works: 
Aosta. (Ingots, forgings, plates, sections and bars.) 
(GENOA.) 

Newport News Shipbuilding & Dry Dock Co., Newport 
News, Va., U.S.A. (Castings and forgings.) (NEWPORT 
News.) 

Niigata Engineering Co., Ltd., Niigata, Japan. (Castings, 
ingots and forgings.) (YOKOHAMA.) 
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Nippon Casting Co., Ltd., Kawasaki, Japan. (Ingots 
and castings.) (YOKOHAMA.) 

Nippon Kokan Kabushiki Kaisha. 

Asano Dockyard, Yokohama, Japan. (Forgings.) 
(YOKOHAMA.) 

Kawasaki Iron Works, Kawasaki, Japan. (Z'ubes, 
bars and sections.) (YOKOHAMA.) 

*Tsurumi Iron Works, Tsurumi, Yokohama, Japan. 
(Plates.) (YOKOHAMA.) 

Nippon Sharyo Seizo Kaisha, Ltd., Nagoya, Japan. 
(Castings.) (KoBE.) 

Nippon Stainless Steel Co., Ltd., Naoetsu Works, 
Niigata, Japan. (Ingots, forgings and castings.) 
(YOKOHAMA.) 

Nippon Steel Foundry Co., Ltd., Osaka, Japan. 
(Castings.) (Kope.) 

Nippon Tanko Co., Ltd., Amagasaki, Japan. 
forgings.) (IKOBE.) 

Nippon Tokushu Steel Tube Co., Ltd., Tokyo, Japan. 
(Rolling mills for weldless rolled or drawn tubes.) 
(YOKOHAMA.) 

Nippon Yakin Kogyo Co., Ltd., Kawasaki, Japan. 
(Ingots, forgings, bars and sheets.) (YOKOHAMA.) 

Nisshin Seiko Co., Ltd., 

No. 1 Shikama Plant, Himeji, Japan. (Rolled bars.) 
(Kose.) 

Aboshi Plant, Aboshi, Japan. (Castings.) (KoBr.) 

Nisshin Steel Works, Ltd., Kure Works, Kure, Japan. 
(Ingots and strip.) (SHIMONOSEKI.) 

Nisso Steel Manufacturing Co., Ltd., 

Naoetsu Factory, Naoetsu, Niigata, Japan. (Ingots.) 
(YOKOHAMA.) 

Oshima Plant, Tokyo. Japan. (Castings, small 
forgings and ingots for forging and plate.) 
(YOKOHAMA.) 

Toyama Factory, Toyama City, Japan. (Ingots 
and forgings.) (YOKOHAMA.) 

Tsurumi Works, Yokohama, Japan. (Rolling mill for 
plates.) (YOKOHAMA.) 

Nordiska Armaturfabrikerna, A/B, Linképing, Sweden. 
(Castings.) (SrocKHOLM.) 

*Norrbottens Jirnverk Aktiebolag, Lulea, Sweden. 
(Ingots, slabs, blooms and billets, bars and sections.) 
(SrocKHOLM.) 

Norsk Jernverk, A/S., Mo-i-Rana, Norway. (Electric 
steel ingots, billets, sections and bars.) (Osto.) 


(Small 


Nova hut Klementa Gottwalda, nérodni podnik (New 
Metallurgical Works of Klement Gottwald, National 
Corporation), Ostrava-Kunéice, Czechoslovakia. 
(Ingots and forgings.) (VIENNA.) 

Oesterreichisch-Alpine Montangesellschaft, Vienna. 

* Works : Donawitz, Styria. (Plates and sections.) 
(VIENNA.) 
Works : Kindberg, Styria. (Rolling mills for small 
sections and bars.) (VIENNA.) 
Works: Zeltweg, Styria. (Forged bars.) (VIENNA.) 
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Okamoto Iron Works Co., Kobe, Japan. (Small forgings.) 
(KoBE.) 

Okano Valve Manufacturing Co., Ltd., Moji. Works: 
Yukuhashi, Japan. (Small castings.) (SHIMONOSEKI.) 

Olympic Steel Works, Seattle, Wash., U.S.A. (Castings.) 
(SEATTLE.) 

Osaka Chain & Machinery Manufacturing Co., Ltd., 
Kaizuka Works, Osaka, Japan. (Small castings.) 
(KoBr.) 

Osaka Steel Casting Co., Ltd., Osaka, Japan. (Small 
castings.) (IKKOBE.) 

Osaka Steel Tube Co., Ltd., Sasebo Works, Sasebo, Japan. 
(Seamless tubes.) (Kosr.) 

Osakeyhitio Vuoksenniska Aktiebolag, Imatra Iron- 
works, Imatra, Finland. (Ingots, slabs, blooms and 
billets, bars and sections.) (HELSINGFORS.) 

Pacific States Steel Corporation, Niles, Cal., U.S.A. 
(Ingots, sections and bars.) (SAN FRANCISCO.) 

Pacific Steel Castings Co., Berkeley, Cal., U.S.A. 
(Castings.) (SAN FRANCISCO.) 

Pacifico, Compania de Acero del, §.A., Talcahuano, 
Chile. (Ingots, plates, bars and sections.) (TALCAHUANO.) 

Paris et d’Outreau, Aciéries de, Société Anonyme, Usine 
d’Outreau, Pas de Calais, France. (Castings.) 
(VALENCIENNES.) 

Paris-Seine, Fonderies et Aciéries de, Usine de la Folie, 
Avenue de Bobigny, Noisy le See (Seine), France. 
(Castings.) (VALENCIENNES.) 

Pencoyd Steel & Forge Corporation, 3720-40, Main 
Street, Philadelphia 27, Pa., U.S.A. (Ingots and 
forgings.) (PHILADELPHIA.) 

Penn Steel Castings Co., Chester, Pa., U.S.A. (Castings.) 
(PHILADELPHIA.) 

Pennsylvania Electric Steel Casting Co., Hamburg, Pa., 
U.S.A. (Small castings.) (PHILADELPHIA.) 

Pennsylvania Forge Corporation, Tacony, Philadelphia, 
Pa., U.S.A. (Forgings.) (PHILADELPHIA.) 

Phoenix Steel Corporation. 

* Works: Plate Division, Harrisburg, Pa., U.S.A. 
(Rolling mills.) (PHIADELPHIA.) 
Works: Structural Division, Phoenixville, Pa., 
U.S.A. (Sections and bars.) (PHILADELPHIA.) 

*Phoenix-Rheinrohr A.G., Mulheim-Ruhr, Germany. 
(Plates.) (DUussELDORFP.) 

Pittsburgh Steel Company, Pittsburgh 30, Pa., U.S.A. 

Works: Monessen, Pa. (Ingots, billets and slabs.) 
(PITTSBURGH.) 
Works: Allenport, Pa. (Rolling mills.) (PrrrsBuRGH.) 

Pompey, Société des Aciéries de, 

Usine de Dieulouard, Meurthe & Moselle, France. 
(Ingots, blooms, billets and bars.) (VALENCIENNES.) 

Usine de Pompey, Meurthe & Moselle, France. 
(Ingots, plates, angles and round bars.) (VALEN- 
CIENNES.) 

Usine du Manoir a Pitres, Eure, France. (Castings.) 
(RovEn.) 
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Pracchi, Fonderie Elettriche, Milan, Italy. 
castings.) (MILAN.) 

Provence, Fonderies et Aciéries de, Marseilles, France. 
(Castings.) (MARSEILLES.) 

Providence, Société Anonyme des Forges de la, 
Marchienne-au-Pont, Belgium. (Sections, bars, ingots 
and blooms). (ANTWERP.) 

Pugliesi, Acciaierie e Ferriere, Bari, Italy. (Castings and 
weldless rolled or drawn tubes.) (TARANTO.) 

Quaker Alloy Casting Co., Myerstown, Pa., U.S.A. 
(Small castings.) (PHILADELPHIA.) 

Ramnas Bruks Aktiebolag, Ramnas, Sweden. (Rolling 
mills for bars.) (SToCKHOLM.) 
Raufoss Ammunisjonsfabrikker, 

(Castings.) (OsLo.) 


Republic Steel Corporation, Cleveland, O., U.S.A. 
Alabama City, Ala., U.S.A. (Mopine, Ata.) 
Buffalo Plant, Buffalo, N.Y., U.S.A. (CLEVELAND,O.) 
Central Alloy District, Massillon Plant, Massillon, O. 

U.S.A. (CLEVELAND, O.) 
Chicago Plant, Chicago, Ill., U.S.A. 
Works : 118th Street, Chicago. (Rolling mills.) 


(Small 


Raufoss, Norway. 


East Chicago, Ind. (Angles and bars.)  (CLEVE- 
LAND, O.) 
Cleveland District, Cleveland, O., U.S.A. (CLEVE- 
LAND, O 
Corrigan McKinney Plant. (Ingots, blooms 
and billets.) 


Upson Nut Plant. (Round and square bars.) 
Youngstown District, Youngstown, O., U.S.A. 
(PIrrsBURGH.) 


Riken Tanzo Co., Ltd., Maebashi Plant, Maebashi, 
Japan. (Small forgings.) (YOKOHAMA.) 


Réchling’sche Eisen-und Stahlwerke G.m.b.H., Volk- 
lingen (Saar). (Castings, ingots, billets, bars and 
forgings.) (SAARBRUCKEN-SAAR.) 

Rosenlew, W., & Co., A/B Bjérneborgs Mekaniska 
Verkstad, Bjérneborg, Finland. (Small castings.) (ABO.) 


Rotterdamsche Droogdok Maatschappij, Rotterdam, 
Holland. (Small castings.) (RorreRDAM.) 


*Ruhrstahl A.G., Henrichshiitte, Hattingen-Ruhr, 
Germany. (Ingots, plates, forgings and castings.) 
(DorTMUND.) 


§.A.F.A.U. Ferriere Acciaierie di Udine, Udine, Italy. 
(Forgings and castings.) (TRIESTE.) 
Sambre, Aciéries & Miniéres de la, 
Works : Monceau-sur-Sambre, Belgium. (Sections, 
bars, billets and blooms.) (ANTWERP.) 


Works: Moncheret, near Acoz. (Rolling mills for 
bars.) (ANTWERP.) 
Sambre et Meuse, Société Anonyme des Usines et 
Aciéries de, 
Usines de Feignies, Feignies (Nord), France. 
(Castings.) (VALENCIENNES.) 


Usines de Saint Brieuc, Cotes-du-Nord, France. 
(Small castings.) (NANTES.) 
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Sande Giesserei, Sande-Oldenburg, Germany. (Castings.) 
(EMDEN.) 

Sandvikens Jernverks Aktiebolag, Sandviken, Sweden. 
(Ingots, forgings and tubes.) (STOCKHOLM.) 

‘Santa Barbara,” Sociedad Industrial Asturiana,Fabricas 
de Moreda y Gijon, Gijon, Spain. (Rivet bars.) (BILBaAo.) 

Sanyo Special Steel Co., Ltd., Himeji, Japan. (Small 
forgings.) (Kopr.) 

Sasebo Ship Industry Co., Ltd., Sasebo, Japan. 
(Castings and forgings.) (SHIMONOSEKI.) 

Saut-du-Tarn, Société Anonyme des Forges et 
Aciéries du, Saint-Juery (Tarn), France. (Castings.) 
(MARSEILLEs.) 1 

Scaw Metals, Ltd., Union Junction, Transvaal, 8. Africa. 
(Rivet bars, small rolled sections and castings.) (VEREENI- 
GING.) 

Schmidt & Clemens, LEdelstahlwerk, Berghausen 
b/Engelskirchen, Bez. Kéln, Germany. (Ingots, 
forgings, castings and bars.) (COLOGNE.) 

Schoeller-Bleckmann Stahlwerke A.G., Vienna. 

Works : Muerzzuschlag-Hoenigsberg, Styria. (Bars.) 
(VIENNA.) 

Works : Ternitz, Low Austria. (Castings and bars.) 
(VIENNA.) 

Schiitze, A.G., Ludwigshafen-Oggersheim, Germany. 
(Electric steel castings.) (MANNHEIM.) 

Sesto San Giovanni, Acciaierie Elettriche di, 8.p.A., 
Sesto San Giovanni, Milan, Italy. (Castings.) (Mimavn.) 

Shimizu Tanzo Kabushiki Kaisha, Tokyo, Japan. 
(Forgings.) (YOKOHAMA.) 

Shin Nippon Tanko K.K., Kawasaki, Japan. (Small 
forgings.) (YOKOHAMA.) 

8.1.8.M.A. —Societa Industrie Siderurgiche Meccaniche 
& Affini, Villadossola (Novara), Italy. (Rolled bars 
and rivets.) (MILAN.) 


SKF. Hofors Bruk, Hofors, Sweden. (Billets, bars and 
forgings, and thick walled tubes.) (SrocKHOLM.) 


Smedjebackens Valsverks Aktiebolaget, Smedjebacken, 
Sweden. (Sections and castings.) (StocKHOLM.) 


*Societa Italiana Acciaierie Cornigliano. Head Office: 
Genoa. Works: Genoa-Cornigliano. (Ingots, forgings, 
plates and castings.) (GENOA.) 


Société Anonyme d’Exploitation des Aciéries de Bor- 


deaux, Pessac, Gironde, France. (Castings.) (Bor- 


DEAUX.) : 

Société Anonyme des Forges, Usines & Fonderies 
d’Haine St. Pierre, Haine St. Pierre, Belgium. 
(Castings.) (ANTWERP.) 

* Société Anonyme des Forges et Aciéries de Dilling, 
Dillingen, Sarre. (Ingots and plates.) (SAARBRUCKEN- 
Saar.) 


Société Belge Griffin S.A., Merxem, Antwerp, Belgium. 
(Castings.) (ANTWERP.) 


Société Lorraine de Laminage Continu, Sollac, B.P.13, 
Serémange, Moselle, France. (Ingots, slabs and plates.) 
(VALENCIENNES. ) 
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Société Métallurgique d’Imphy, Usine de Pamiers, 
Ariége, France. (Castings and forgings.) (MARSEILLES.) 

Société Métallurgique de Normandie, Mondeville, France. 
(Ingots, blooms, billets and bars.) (RouEN.) 

Sorel Industries, Ltd., Sorel, P.Q., Canada. (Ingots 
and forgings.) (MONTREAL.) 

Sorel Steel Foundries Ltd., Sorel, P.Q., Canada. 
(Castings.) (MONTREAL.) 


South African Iron & Steel Industrial Corporation, Ltd., 
“Tscor’” Works, Pretoria, Transvaal, 8. Africa. 
(Ingots, billets, sections and thin plates up to } inch 
thick.) (VEREENIGING.) 

“Tscor’” Works, Vanderbijl Park, Transvaal, 
8. Africa. (Ingots, billets, slabs and plates.) 
(VEREENIGING.) 

Stahl-u. Réhrenwerke Reisholz A.G., Abt. Oberbilker 
Stahlwerk, Diisseldorf-Oberbilk, Germany. (Ingots 
and forgings.) (DussELDORF.) 

Stahl-und Temperguss Aktiengesellschaft vorm. Fischer- 
Traisen, Vienna. 

Works: Traisen, Low Austria. (Castings.) (VIENNA.) 
Stahlwerk Mannheim A.G., Mannheim-Rheinau, Ger- 
many. (Ingots, forgings and castings.) (MANNHEIM.) 
Stahlwerk Mark, Wengern A.G., Wengern-Ruhr, Ger- 

many. (Ingots and castings.) (DUSSELDORF.) 

Stahlwerke Bochum A.G., Bochum, Germany. (Castings, 
forgings, rolled materials and plates.) (DUSSELDORF.) 

Stahlwerk Siidwestfalen, A.G., 

Werk Geisweid, Geisweid Kreis Siegen, Germany. 
(Ingots, forgings, bars and thin plates.) (COLOGNE.) 

Werk Harkort Eicken, Hagen, Germany. (Ingots, 
bars and forgings.) (DoRTMUND.) 

Stal och Maskinaktiebolaget, Upsala, Sweden. (Jngots.) 
(STOCKHOLM.) 

Standard Steel Works Division of Baldwin-Lima- 
Hamilton Corp., Burnham, Mifflin County, Pa., U.S.A. 
(Castings and forgings.) (PHILADELPHIA.) 

Stavanger Electro-Staalverk A.S., Jorpeland, near 
Stavanger, Norway. (Castings.) (BERGEN.) 

Steel Company of Australia, Pty. Ltd., Coburg, 
Melbourne, Australia. (Castings.) (MeLBOURNE.) 

Steel Company of Canada, Hamilton, Ontario, Canada. 
* Works : Hamilton. (Toronto.) 

Works: Montreal. (Bars, angles, plates and billets.) 
(MoNTREAL.) 

Steirische Gusstahlwerke, A.G., Vienna. Works: 
Judenburg, Styria, Austria. (Forgings and bars.) 
(VIENNA.) 

Stora Kopparbergs Bergslags Aktiebolag, Falun, Sweden. 
* Works: Domnarfvet. (Castings, ingots, sections and 

plates.) (SrockHouM.) 
Works: Séderfors. (Forgings, bars and sections.) 
(STocKHOLM.) 

Stramezzi, P., & C., Acciaieria e Ferriera di Crema, 
Crema, Italy. (Ingots, bars, small sections and rivets.) 
(Mian.) 
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Streicher, M., Asperg/Wiirtt, near Stuttgart, Germany. 
(Castings.) (AUGSBURG.) 

Strommens Verksted, A/S, near Oslo, Norway. (Castings.) 
(OsLo.) 

Sucesora de Aceros Electricos §8.A., Barcelona, Spain. 
(Castings.) (BARCELONA.) 

Sud Ouest, Société des Forges et Aciéries du, Bordeaux 
(Gironde), France. (Castings and forgings.) 
(BorDEAUX.) 

Sulzer Fréres, Société Anonyme, Winterthur, Switzerland. 
(Castings.) (WINTERTHUR.) 

Sumitomo Electric Industries, Ltd., Itami Works, Itami, 
Hyogo Prefecture, Japan. (Ingots and small bars.) 
(Kose.) 


Sumitomo Machinery Co., Ltd., Niihama, Japan. 
(Castings.) (KoBE.) 
Sumitomo Metal Industries, Ltd., 
Kokura Steel Works, Kokura, Japan. (Ingots, 


billets, bars and sections.) (SHIMONOSEKI.) 

Steel Tube Works, Amagasaki, Japan. (Ingots, 
forgings. small bars, sections and weldless tubes.) 
(Kope.) 

Steel Works, Osaka, Japan. (Castings and forgings.) 
(KoBE.) 

Wakayama Steel Works, Wakayama, Japan. (Small 
ingots, seamless tubes and electric resistance welded 
tubes.) (Kosr.) 

Sunnan Iron Works Co., Ltd., Yaizu, Japan. (Forgings.) 
(YOKOHAMA.) 

Surahammars Bruks Aktiebolag, Surahammar, Sweden. 
(Forge and rolling mills, also castings.) (Stock HOLM. ) 

Svenska Jarnvagsverkstaderna, A/B, Linképing, Sweden. 
(Castings.) (STOCKHOLM.) 

Svenska Kullagerfabriken, Aktiebolaget, Katrineholm, 
Sweden. (Castings.) (STocKHOLM.) 

Taira Steel Works, Osaka Shipbuilding Co., Ltd., Taira, 
Fukushima Prefecture, Japan. (Castings.) (YoxKo- 
HAMA.) 

Takada Steel Works, Ltd., Takada City, Nara Prefecture, 
Japan. (Castings.) (Kopr.) 

Takasaki Metal Industry Co., Ltd., Takasaki Plant, 
Takasaki, Japan. (Small castings.) (YOKOHAMA.) 
Tamaris, Société des Ateliers et Fonderies de, Tamaris 

(Gard), France. (Castings.) (MARSEILLES.) 

Tata Iron & Steel Co., Ltd., Jamshedpur, India. 
(Blooms, billets, bars, plates and sections.) (CALCUTTA.) 

Tata Locomotive & Engineering Co., Ltd., Jamshedpur 
4, India. (Castings.) (CALCUTTA.) 

Teil, Fonderies & Aciéries du, Usine du Frayol, Le Teil 
(Ardeche), France. (Small castings.) (MARSEILLES.) 

*Tennessee Coal & Iron Division, United States Steel 
Corporation, Birmingham, Ala., U.S.A. Works: 
Ensley, Ala. Rolling mills, also forgings: Bessemer 
and Fairfield, Ala. (MoBiILe.) 

*“Teyrni’’ Societa per |’ Industria e l’Elettricita. Works: 
Terni, Italy. (Ingots, forgings, castings and plates.) 
(NAPLEs. ) 
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Thompson’s (Castlemaine) Ltd., Williamstown, Victoria, 
Australia. (Castings.) (MELBOURNE.) 
Titovi Zavodi  Litostroj, Ljubljana, 

(Castings.) (Spuir.) 

Toho Seiko Kabushiki Kaisha, Nagoya, Japan. (Castings.) 
(KoseE.) 

Tokushu Seiko (Special Steel Mfg.) Co., Ltd., Kawasaki 
Works, Kawasaki, Japan. (Ingots, forgings and bars.) 
(YOKOHAMA.) 

Tokyo Kikai Kabushiki Kaisha, Oshima Cast Steel 
Works, Tokyo, Japan. (Castings.) (YOKOHAMA.) 
Tokyo Steel Casting Co., Ltd., Tokyo, Japan. (Castings.) 

(YOKOHAMA.) 

Tokyo Tankosho Co., Ltd., Kawasaki Factory, Kawa- 
saki, Japan. (Small forgings.) (YOKOHAMA.) 

Toshiba Steel Co., Ltd., Tokyo, Japan. (Castings, 
small forgings, sections and ingots for forging and plates.) 
(YOKOHAMA.) 

Tosi, Franco, Societ& per Azioni, Legnano, Italy. 
(Forgings and castings.) (MILAN.) 

Toto Steel Manufacturing Co., Ltd. 

Tokyo Plant, Tokyo, Japan. (Sections.) (YOKOHAMA.) 
Chigasaki Foundry, Chigasaki, Japan. (Ingots for 
forging, castings.) (YOKOHAMA.) 

Trenton Steel Works, Ltd., Trenton, N.S., Canada. 
(Forgings.) (Haxirax, N.S.) 

Trinecké zelezdrny velké Rijnové socialistické revoluce, 
ndrodni podnik (Trinee Iron Works Great-Socialistic 
October Revolution National Corporation), Trinec, 
Czechoslovakia. (Ingots, sections, bars and castings.) 
( VIENNA.) 

Trubia, Fabrica Nacional de, Trubia Asturias, Spain. 
(Castings and forgings.) (BILBAO.) 

Tsukamoto Sogyo Co., Ltd., Osaka Works, Osaka, 
Japan. (Castings.) (IKKOBE.) 

Turkiye Demir ve Celik Fabrikalari, Karabuk, Turkey. 
(Ingots. plates, rolled sections and bars.) (ISTANBUL.) 

Ube Industries, Ltd., Ube Iron Works, Ube, Japan. 
(Ingots. forgings and castings.) (SHIMONOSEKI.) 

Uddeholms Aktiebolag, Uddeholm, Sweden. 

Works : Storfors. (Seamless tubes.) (GOTHENBURG.) 

Works: Nykroppa. (Ingots, forgings and bars.) 
(GOTHENBURG.) 

Works : Hagfors. (Castings.) (GoTHENBURG.) 

Ugine, Aciéries Electriques d’, Ugine (Savoie), France. 
(Ingots, billets, bars, sections, castings and forgings.) 
(Lyons.) 

Uniaio Fabril, Companhia, Barreiro, Portugal. (Castings.) 
(LisBon.) 

Union de Consommateurs de Produits Métallurgiques 
et Industriels, U.C.P.M.I., Forges et Aciéries 
d’Hagondange, Hagondange, Moselle, France. (Blooms, 
billets, bars and sections.) (VALENCIENNES.) 

Union des Aciéries, Société Anonyme, Marcinelle, 
Charleroi, Belgium. (Castings.) (ANTWERP.) 


Yugoslavia. 
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Union Sidérurgique Lorraine, SIDELOR. 
Usine d’Homécourt, Meurthe et Moselle, France. 
(Ingots, blooms, billets and plates.) (VALENCIENNES. ) 
Usine de Micheville, Villerupt, Meurthe et Moselle, 
France. (Ingots, blooms, billets, bars and sections.) 
(VALENCIENNES.) 


Usine de Rombas, Moselle, France. (Ingots, blooms, 
billets, bars and sections.) (VALENCIENNES.) 


Union Sidérurgique du Nord de la France. 
Usrnor Groupe A. 
*Usines de Denain, Denain (Nord). (Ingots, plates, 
sections and castings.) (VALENCIENNES.) 
Ustnor Groupe B. . 
Usines de Louvroil-Hautmont, Hautmont (Nord). 
(Ingots, bars and sections.) (VALENCIENNES.) 
Usines de Valenciennes, Valenciennes (Nord). 
(Ingots, forgings, blooms, bars and_ sections.) 
(VALENCIENNES. ) 
Union Steel Corporation of South Africa, Ltd. (Usco). 
Works: Vereeniging, Transvaal, South Africa. 
(Ingots, billets, small sections, castings and rivet 
bars.) (VEREENIGING.) 


United States Steel Corporation, Pittsburgh, Pa., U.S.A. 
Clairton Works, Clairton, Pa. (Ingots, blooms, bars 
and sections.) (PITTSBURGH.) 
Duquesne Works, Duquesne, Pa. (Ingots, billets, 
blooms and bars.) (PIrTsBURGH.) 
Fairless Works, Morrisville, Pa. (Lhin plates, bars 
and sections.) (PHILADELPHIA.) 

*Gary Works, Gary, Ind. (Billets, blooms, plates, 
sections, bars and forgings.) (CLEVELAND, O.) 

* Homestead District Works, Pa., including McKees 
Rock Works. (Ingots, billets, blooms, slabs, plates, 
sections and forgings.) (PITTSBURGH.) 

Irvin Works, Dravosburg, Pa. (Rolling mills for thin 
plates.) (PiITTsBURGH.) 

McDonald Mills, Youngstown. (Rolling mills for bars 
and sections.) (PITTSBURGH.) 


Ohio Works, Youngstown. (Ingots, billets and blooms.) 
(PirrsBURGH.) 


*South Works, South Chicago, Ill. (Plates, sections 
and bars.) (CLEVELAND, O:) 


Uraga Shipbuilding Yard,-Uraga Dock Co., Ltd., 


Yokosuka, Japan. (Castings and small forgings.) . 


(YOKOHAMA.) 


Uraga Tamashima Diesel Kogyo K.K., Tamashima 
Factory, Tamashima, Japan. (Small forgings.) (KoBE.) 


Vallourec, Société, Usine d’Aulnoye, Aulnoye (Nord), 
France. (Weldless rolled and drawn tubes.) (VALEN- 
CIENNES.) 


Vanderbijl Engineering Corporation, Ltd., Vanderbijl 
Park, Transvaal, South Africa. (Castings.) 
( VEREENIGING.) 


Varde Staalvaerk, Varde, Denmark. 


; (Ingots and 
castings.) (COPENHAGEN.) 
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Vereinigte Oesterreichische Hisen-und-Stahlwerke, A.G. 
Works: Liezen, Styria. (Ingots for forgings, castings.) 
(VIENNA.) 

%* Works: Linz a.d. Donau, Upper Austria. (Plates, 
forgings and castings.) (VIENNA.) 

Vicinay §.A., Luchana-Bilbao, Bilbao, Spain. (Ingots, 
castings and small forgings.) (BiLBao.) 

Vickers Ruwolt Pty., Ltd., Richmond, Melbourne, 
Australia. (Castings.) (MELBOURNE.) 


Victoria Machinery Depot Co., Ltd., Victoria, B.C., 
Canada. (Castings.) (VANCOUVER.) 

Villa, Giovanni, Societi Anonima, Officine Meccaniche- 
Fucinati-Stampati, Milan, Italy. (Forgings.) (Minan.) 

*Vitkovické Zelezirny Klementa Gottwalda, narodni pod- 
nik (The Vitkovice Steel Works Klement Gottwald, 
National Corporation), Ostrava 10, Czechoslovakia. 
(Castings, forgings, plates, sections, bars and seamless 
tubes.) (VIENNA.) 

Vizeaya, Altos Hornos de, 8.A., Fabrica de Sagunto, 
Sagunto, Spain. (Ingots, plates, bars and sections.) 
(VALENCIA.) 


* Vizcaya, Sociedad Altos Hornos de, Bilbao, Spain. 
(Ingots, bars, sections, plates and forgings.) (BiLBao.) 


Waagner-Biro Aktiengesellschaft, Vienna, Austria. 
Works: Werk ©, Vienna. (Castings.). (VIENNA.) 


Walkers Ltd., Maryborough, Queensland, Australia. 
(Forgings and castings.) (BRISBANE.) 


Wiirtsili-koncernen A/B, Dalsbruk Jirnverk, Dalsbruk, 
Finland. (Ingots, billets, bars, forgings and castings.) 
(ABO.) 


Washington Iron Works, Seattle, Wash., U.S.A. 
(Castings.) (SEATTLE.) 


Washino Seiki Shoji K.K., Imamura Plant, Aichi 
Prefecture, Japan. (Castings.) (KoBE.) 


Watanabe Steel Works Co., Ltd., Tokyo, Japan. 
(Castings.) (YOKOHAMA.) 


Welland Electric Steel Foundry Ltd., Welland, Ontario, 
Canada. (Small castings.) (ToRONTO.) 


* Wickwire Spencer Steel Division, The Colorado Fuel & 
Iron Corporation, Claymont, Delaware, U.S.A. (Plates.) 
(PHILADELPHIA. ) 


Wikmanshytte Bruks A/B, Wikmanshyttan, Sweden. 
(Forgings, bars and sections.) (STOCKHOLM.) 


Wood, Alan, Steel Company, Conshohocken and Ivy 
Rock, Pa., U.S.A. (Blooms, billets and thin plates.) 
(PHILADELPHIA.) 


Wurth, Société Anonyme des Anciens Etablissements 
Paul, Luxembourg. (Castings.) (ANTWERP.) 


* Yamato Steel Works, Ltd., Osaka, Japan. (Ingots and 
plates.) (KoBx.) 


*Yawata Iron & Steel Manufacturing Co., Ltd., Yawata, 
Japan. (Plates, sections, ingots and forgings.) (Suimo- 
NOSEKI.) 
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Yokoyama Engineering Co., Ltd., Oshima 2nd Works, 
Tokyo, Japan. (Castings.) (YOKOHAMA.) 
Yonago Steel Works, Ltd., Yonago, Japan. (Castings.) 
(KKOBE.) 
Youngstown Sheet and Tube Company, 
Brier Hill Works, Youngstown, Ohio, U.S.A. 
Campbell Works, Campbell, Mahoning Co., Ohio, 
U.S.A. (ngots, and plates up to 4 inch in thick- 
mess.) (PITTSBURGH.) 
Zaklady Urzadzen Technicznych “Zgoda’’, Swietoch- 
lowice, Poland. (Forgings.) (KATOWICE.) 
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Zavody V. I. Lenina Plzen, naérodni podnik (V. I. 
Lenin Works Pilsen, National Corporation, formerly 
the Skoda Works, Pilsen), Plzen, Czechoslovakia. 
(Castings and forgings.) (VIENNA.) 

Zelezarna Jesenice, Jesenice, Yugoslavia. (SPLit.) 

Zelezdrny a dratovny Bohumin, ndrodni podnik (Iron 
Works and Wire Works Bohumin, National Corpora- 
tion), Bohumin, Czechoslovakia. (Small sections, bars 
and seamless tubes.) (VIENNA.) 


Zeljezara Zenica, Zenica, Yugoslavia. 
sections and forgings.) (SPLIiT.) 


(Billets, bars, 
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Firms IN COUNTRIES OTHER THAN GREAT BRITAIN AND IRELAND. (ARRANGED ACCORDING TO SURVEYING DISTRICTS) 


The Works marked with an asterisk have received the Committee’s special approval under rule P 502 for the 


manufacture of steel conforming to the requirements of P 5. 


° 

Abo 

Lokomo Oy, Tampere, Finland. (Ingots, forgings and 
castings.) 

Rosenlew, W., & Co., A/B Bjérneborgs Mekaniska Verk- 
stad, Bjérneborg, Finland. (Small castings.) 

Wartsili-koncernen A/B, Dalsbruks Jarnverk, Dalsbruk, 
Finland. (Ingots, billets, bars, forgings and castings.) 


Adelaide 
Mason & Cox Ltd., Adelaide, S. Australia. (Castings.) 


Amsterdam 

Dikkers, G., & Co., N.V., Hengelo, Holland. (Small 
castings.) 

Koninklijke Demka Staalfabrieken, N.V., Utrecht, 
Holland. (Ingots, forgings, blooms, billets and castings; 
also rivet bars.) 

* Koninklijke Nederlandsche Hoogovens & Staalfabrieken 
N.V. (Royal Netherlands Blast-Furnaces & Steel 
Works, Ltd.), Ymuiden, Holland. (Plates and sections.) 


Antwerp 
Allard, Usines & Aciéries, Société Anonyme, Mont-sur- 
Marchienne, near Charleroi. (Castings.) 
Allard, Usines & Aciéries, Société Anonyme, Turnhout. 
(Small castings.) 
“ARBED,” Aciéries Réunies de Burbach-eich-Dudelange. 
Division de Dommeldange, Dommeldange, Luxem- 
bourg. (Ingots, forgings and castings.) 
Division de Belval, Esch-sur-Allzette, Luxembourg. 
(Ingots, blooms, billets, bars and angle bars.) 
Division -d’Esch, Esch-sur-Allzette, Luxembourg. 
(Rolling mills for bars and sections.) 
Baume, Société Anonyme des Forges et Laminoirs de, 
Haine St. Pierre. (Ingots, bars and sections.) 
Boél, Usines Gustave, Soc. An., La Louviére. (Ingots, 
forgings, castings, plates and bars.) 
Boom, Travaux Métalliques de, Société Anonyme, Boom. 
(Small castings.) 
*Charleroi, Société Anonyme de la Fabrique de Fer de, 
Charleroi. (Ingots and plates.) 


Clabecq, Société Anonyme Forges de, Clabecq, Belgium. . 


(Ingots, plates, bars and sections.) 
Cockerill-Ougrée, Société Anonyme, Seraing, Belgium. 
* Works: Grivegnée. (Ingots and plates.) 
* Works: Ougrée. 
* Works: Seraing. : 
Compagnie Générale des Aciers, Société Anonyme, 
Thy-le-Chateau, Belgium. (Castings.) 
Gilson, Société Anonyme des Usines, Belgium. 
La Croyére (Bois d’Haine). (Ingots, blooms, sections, 
rivet bars and forgings.) 
Division “Baume”, Haine St. Pierre. (Ingots, bars 
and sections.) 
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Hainaut-Sambre, Société Métallurgiques, 8.A., Couillet. 

* Division de Couillet. (Ingots, blooms, bars, forgings 
and castings.) 
Division de Montignies et Chatelinlau. (Rolling mill.) 

Haine St. Pierre et Lesquin, Aciéries de, Société Anonyme, 
Haine St. Pierre. (Castings.) 

Henricot, Usines Emile, Court St. Etienne. (Castings.) 

Jadot, Société Anonyme Etablissements, Beloeil, 
Belgium. (Small castings.) 

Jemappes, Société Anonyme Forges et Laminoirs de, 
Jemappes, near Mons, Belgium. (Ingots, blooms and 
bars.) 

La Brugeoise et Nivelles, Société Anonyme, St. Michel- 
lez-Bruges. (Castings.) 

Leonard-Giot, Société Anonyme Usines & Aciéries 
Marchienne-au-Pont. (Castings.) 

Providence, Société Anonyme des Forges de _ la, 
Marchienne-au-Pont, Belgium. (Sections, bars, ingots 
and blooms.) 

Sambre, Aciéries & Miniéres de la, 

Works : Monceau-sur-Sambre. (Sections, bars, billets 
and blooms.) 

Works: Moncheret, near Acoz. (Rolling mills for 
bars.) 

Société Anonyme des Forges, Usines & Fonderies de 
Haine St. Pierre, Haine St. Pierre. (Castings.) 

Société Belge Griffin 8.A., Merxem, Antwerp. (Castings.) 

Union des Aciéries, Société Anonyme, Marcinelle, 
Charleroi. (Castings.) 

Wurth, Société Anonyme des Anciens Etablissements 
Paul, Luxembourg. (Castings.) 


Augsburg 

EKisen-und Stahlgiesserei Gebriider Decker, Niirnberg, 
Germany. (Electric steel castings.) 

Krauss-Maffei, A.G., Miinchen-Allach, Germany. 
(Castings.) 

Streicher, M., Asperg/Wiirtt, near Stuttgart, Germany. 
(Castings.) 


Baltimore, Md. 


*Bethlehem Steel Co., Sparrows Point, Md., U.S.A. 
(Plates.) 


Barcelona 


Fundiciones Escora §.A., Pi y Margall, 2-Hospitalet de 
Llobregat, Barcelona, Spain. (Castings.) 

Hierros y Aceros Industriales 8.A., San Adrian de 
Besos, Barcelona, Spain. (Small castings.) 

Industrias Mecanicas, Sociedad Anonima, Barcelona, 
Spain. (Castings.) 
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Barcelona—continued 
La Maquinista Terrestre y Maritima 8.A., Barcelona, 
Spain. (Castings and forgings.) 
Manufacturas de Acero §.A., Badalona, Barcelona, 
Spain. (Small castings.) 
Material y Construcciones 
(Castings.) 

Sucesora de Aceros Electricos $.A., Barcelona, Spain. 
(Castings.) 

Belfort 

“Acieroy”’, Aciéries et Fonderies du Doubs, Société 
Anonyme, Saint-Suzanne, near Montbéliard (Doubs), 
France. (Small electric steel castings.) 

Ferry-Capitain & Cie., Société, Bussy, prés Joinville, 
Haute-Marne, France. (Electric steel castings.) 


8.A., Barcelona, Spain. 


Bergen 

Stavanger Electro-Staalverk A.S., 
Stavanger, Norway. (Castings.) 

Bilbao 

Babcock & Wilcox, Sociedad Espafiola de Construcciones. 

Head Office: Calle Ercilla 1, Bilbao. 
Works : Galindo-San Salvador del Valle. (Vizcaya.) 
(Castings, ingots and forgings.) 

Basconia, Compania Anonima, Bilbao, Spain. (Plates, 
sections and bars.) 

Compania Auxiliar de Ferrocarriles, Beasain, Guipuzcoa, 
Spain. (Small castings and forgings.) 

Deusto, Sociedad Anonima Talleres de, Deusto, Bilbao, 
Spain. (Castings.) 

Duro-Felguera, Sociedad Metalurgica, La Felguera, 
Asturias, Spain. (Ingots, billets, castings, plates and 
sections.) 

Echevarria, Sociedad Anonima, Bilbao, Spain. (Small 
sections and bars, small forgings and ingots.) 

Echeverria, Patricio, 8.A., Legazpia, Spain. 
blooms and forgings.) 

Espafiola de Construccion Naval, Sociedad. 

Works: Reinosa, near Santander, Spain. (Ingots, 
forgings, castings, plates and sections.) 

Works: Sesto, near Bilbao. (Small castings, ingots 
and forgings.) 

Euskalduna, Compafiia, Talleres de Elorrietta, Bilbao, 
Spain. (Castings.) 

Fundiciones Ituarte 8.A., Bilbao, Spain. (Small castings.) 

Llodio, Aceros de, Ltda., Llodio, near Bilbao, Spain. 
(Small castings, ingots and forgings.) 

Luzuriaga, Victorio, §8.L., Pasajes, Guipuzcoa, Spain. 
(Castings.) 

“Santa Barbara,” Sociedad Industrial Asturiana,Fabricas 
de Moreda y Gijon, Gijon, Spain. (Rivet bars.) 

Trubia, Fabrica Nacional de, Trubia Asturias, Spain. 
(Castings and forgings.) 

Vicinay 8.A., Luchana-Bilbao, Bilbao, Spain. 
castings and small forgings.) 

* Vizcaya, Sociedad Altos Hornos de, Bilbao, Spain. 
(Ingots, bars, sections, plates and forgings.) 


Jorpeland, near 


(Ingots, 


(Ingots, 
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Bombay 

Mukand Iron & Steel Works, Ltd., Kurla, Bombay 37, 
India. (Castings.) 

Bordeaux 

Compagnie des Ateliers et Forges de la Loire, Usine des 
Forges de Adour, Le Boucau, France. (Plates and 
sections.) 

Société Anonyme d’Exploitation des Aciéries de Bor- 
deaux, Pessac, Gironde, France. (Castings.) 

Sud Ouest, Société des Forges et Acieries du, Bordeaux 
(Gironde), France. (Castings and forgings.) 

Bremen 

* Kléckner-Hiitte Bremen, A.G., Germany. 


Brisbane 

Walkers Ltd., Maryborough, Queensland, Australia. 
(Forgings and castings.) 

Cadiz 

Construcciones Agricolas, Sociedad Anonima 
(S.A.C.A.), Sevilla, Spain. (Castings.) 

Espanola de Construccion Naval, Sociedad, San Carlos 
Factory, San Fernando, Cadiz, Spain. (Forgings and 
castings.) 

Calcutta 

Bhartia Electric Steel Co., Ltd., Calcutta, India. (Cast- 
ings.) 

Burn & Co., Ltd., Howrah, India. (Small castings.) 

Indian Iron & Steel Co., Ltd., Burnpur Works, Burnpur, 
West Bengal, India. (Sections and angles.) 

Metal & Steel Factory, Ishapore, West Bengal, India. 
(Ingots, blooms, billets and forgings.) 

National Iron & Steel Co., Ltd., Stephen House, 
Calcutta, 1, India. (Castings.) 

Tata Iron & Steel Co., Ltd., Jamshedpur, India. 
(Blooms, billets, bars, plates and sections.) 

Tata Locomotive & Engineering Co., Ltd., Jamshedpur 
4, India. (Castings.) j 

Cleveland, O. 

American Rolling Mill Co., Middletown, O., U.S.A. 
(Castings and forgings.) 

Bethlehem Steel Co., Buffalo, N.Y., U.S.A. 

Colorado Fuel & Iron Corporation, Minnequa Works, 


Pueblo, Colorado, U.S.A. (Ingots, bars and small 
sections.) 


Erie Forge Co., Erie, Pa., U.S.A. 
and castings.) 

Falk Corporation, Milwaukee, Wis., U.S.A. (Castings.) 

Finkl, A., & Sons Company, Chicago, IIl., U.S.A. 
(Forgings.) 

Granite City Steel Co., Granite City, Ill., U.S.A. 

Great Lakes Steel Corporation, Division of National 
Steel Corporation, Ecorse, Detroit 29, Michigan, U.S.A. 


(Ungots, billets, bars, slabs, plate, blooms, sheet and 
coiled strip.) 


(Plates.) 


de, 


(Ingots, forgings 
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Cleveland, O.—continued 
* Inland Steel Co., Indiana Harbor, Ind., U.S.A. (Ingots, 
blooms, billets and slabs.) 
Republic Steel Corporation, Cleveland, O., U.S.A. 
Buffalo Plant, Buffalo, N.Y., U.S.A. 
Central cae District, Massillon Plant, Massillon, 
Chicago Plant, Chicago, Ill., U.S.A. 
Works : 118th Street, Chicago. Rolling mills : East 
Chicago, Ind. (Angles and bars.) 
Cleveland District, Cleveland, O., U.S.A. 
Corrigan McKinney Plant. (Ingots, blooms and 
billets.) 
Upson Nut Plant. (Round and square bars.) 
United States Steel Company, Pittsburgh, Pa., U.S.A. 
*Gary Works, Gary, Ind. (Billets, blooms, plates, 
sections, bars and forgings.) 
*South Works, South Chicago, Ill. (Plates, sections 
and bars.) 


Cologne (Kéln) ; 

Breitenbach, Ed., G.m.b.H., Weidenau-Sieg, Germany. 
(Castings.) 

Hiittenwerke Siegerland A.G., Niederschelden, Germany. 
(Ingots and slabs.) 

Kléckner - Mannstaedtwerke G:m.b.H.,  Troisdorf, 
Germany. (Rolling malls for sections.) 

Schmidt & Clemens, Edelstahlwerk, Bergausen b/Engels- 
kirchen Bez. Kéln, Germany. (Ingots, forgings, 
castings and bars.) 

Stahlwerke Siidwestfalen, A.G., Werk Geisweid, Geisweid, 
Kries Siegen, Germany. (Ingots, forgings, bars and 
thin plates.) 


Copenhagen 

Burmeister & Wain’s Maskin-og Skibsbyggeri, Aktiesel- 
skabet, Copenhagen, Denmark. (Ingots, forgings 
and castings.) 


* Danske, (Det), Staalvalsevaerk A/S., Frederiksvaerk, 
Denmark. (Plates, sections and bars 


Frichs A/S, Aarhus, Denmark. (Castings.) 


Helsingors Skibsvaerft-og Maskinbyggeri A/S., Aktiesel- 
skabet, Elsinore, Denmark. (Ingots, forgings and 
castings.) ‘ 


Varde Staalvaerk, Varde, Denmark. (Ingots and 
castings.) 


Dortmund 


Dortmund - Hoerder Hiittenunion A.G., Dortmund, 
Germany. 


* Dortmund-Hoerde Works. (Ingots, plates, sections, 
bars, forgings and castings.) 


Dortmund Works. (Bars, sections and forgings.) 


Hisenwerke Geweke, R. & C. R. Lange K.G., Hagen- 
Haspe, Germany. (Electric steel castings.) 
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Dortmund—continued 

Gussstahlwerk Carl Boénnhoff, Wetter/Ruhr, Germany. 
(Castings.) 

Gussstahlwerk Witten A.G., Witten (Ruhr), Germany. 
(Ingots, billets, sections, bars and forgings.) 

Gussstahlwerk Wittman A.G., Hagen-Haspe, Germany. 
(Castings.) 

Hoesch-Westfalenhiitte A.G., Dortmund, Germany. 
(Ingots, billets, plates, bars and sections.) 

* Hiittenwerk Haspe A.G.. Hagen-Haspe (Dortmund), 
Germany. (Ingots, plates, bars and sections.) 

*Ruhrstahl A.G., Henrichshiitte, Hattingen - Ruhr, 
Germany. (J ngots, plates, forgings and castings.) 

Stahlwerke Siidwestfalen A.G., Werk Harkort Eicken, 
Hagen, Germany. (Ingots, bars and forgings.) 


Durban 


Mangolds Engineering, Port Elizabeth, South Africa. 
(Small castings.) 


Dusseldorf ' 

August Thyssen-Hiitte A.G., Duisburg-Hamborn, Ger- 
many. (Ingots, billets, sections and bars.) 

Bergische Stahlindustrie K.G., Remscheid, Germany. 
(Castings.) 

Bochumer Verein fiir Gussstahlfabrikation A.G., Bochum, 
Germany. (Ingots, forgings, castings and bars.) 

Deutsche Edelstahlwerke A.G., Krefeld, Germany. 
(Ingots, castings, forgings and rolled materials.) 

Eisenwerke Miilheim-Meiderich  Aktiengesellschaft, 
Miilheim-Ruhr, Germany. (Castings.) 

Eschweiler Bergwerks- Verein, Hiittenbetriebe, Esch- 
weiler-Aue, Germany. (Ingots and seamless tubes.) 
Gussstahlwerk Gelsenkirchen A.G., Gelsenkirchen, Ger- 

many. (Castings.) 

Gussstahlwerk Oberkassel A.G., Diisseldorf-Oberkassel, 
Germany. (Castings.) 

Gussstahlwerk Risch K.G., Bergisch-Gladbach, Germany. 
(Electric steel castings.) 

Gutehoffnungshiitte Sterkrade A.G., Werk Sterkrade, 
Oberhausen-Sterkrade, Germany. (Forgings.) 

* Hahn’sche Werke A.G., Duisburg-Grossenbaum, Ger- 
many. (Bars and electric resistance welded tubes.) 

* Hiittenwerk Oberhausen, A.G., Oberhausen, Germany. 
(Ingots, plates, sections and bars.) 

Hiittenwerk Rheinhausen, A.G., Rheinhausen, Germany. 
(Bars and sections only.) 

* Mannesmann Hiittenwerke A.G., Duisburg-Huckingen, 
Germany. (Ingots, plates, sections and bars.) 

*Phoenix-Rheinrohr A.G., Miilheim-Ruhr, Germany. 
(Plates.) 

Stahl-u. Réhrenwerke Reisbolz A.G., Abt. Oberbilker 
Stahlwerk, Diisseldorf-Oberbilk, Germany. (Ingots 
and forgings.) 

Stahlwerk Mark, Wengern A.G., Wengern-Ruhr, Ger- 
many. (Ingots and castings.) 

Stahlwerke Bochum A.G., Bochum, Germany. (Castings, 
forgings, rolied materials and plates.) 
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Emden 
Sande, Giesserei, Sande-Oldenburg, Germany. (Castings.) 


Fremantle 

Hadfields (W.A.) 1934 Ltd., Perth, W. Australia. 
(Castings.) 

Gdansk 

Huta Z.M.G.S., Elblag, Poland. (Castings.) 


Genoa 

A.S.S.A. Aecciaierie di Susa Societa Anonima, Turin, 
Italy. Head Office: Turin. Works: Susa. (Castings.) 

Ansaldo-Fossati, Stabilimento Meccanico Metallurgico 
Genovese, 8.p.A., Genoa-Sestri, Italy. (Forgings.) 

* Bolzaneto, Acciaiera de Ferriero di, Genoa, Italy. 
Works: Genoa-Bolzaneto. (Plates, sections and bars.) 

Cantieri del Tirreno, 8.p.A., Riva Trigoso, Genoa, Italy. 
(Small forgings.) 

Cornigliano 8.p.A., Genoa, Italy. (Ingots and plates.) 

Fabrica Italiana Tubi, Societ’ Anonima, Sesiri-Levante, 
Italy. (Ingots. billets and weldless rolled and drawn 
tubes.) 

* FIAT, Societa per Azioni, Sezione Ferriere Piemontesi, 
Turin, Italy. (Ingots, plates, sections; also seamless and 
welded tubes.) 

FIAT, Societa per Azioni, Sezione Industrie Metallurgiche 
Acciaierie, Turin, Italy. (Castings.) 

Fonderia Acciaieria Giovanni Mandelli, Turin, Italy. 
(Small castings.) 


“Tlva” Alti Forni e Acciaierie d’Italia. Head Office : 
Genoa, Italy. 


Stabilimento di Genoa-Voltri. (Rivets.) 
*Stabilimento di Novi Ligure. (Sections, bars and 
plates.) 
Nazionale ‘“Cogne’’, S.p.A. Head Office: Turin, Italy. 
Works: Aosta. (Ingots, forgings, plates, sections and bars.) 
*Societa Italiana Acciaierie Cornigliano. Head Office: 
Genoa, Italy. Works: Genoa-Cornigliano. (Ingots, 
forgings, plates and castings.) 
Gothenburg 
Bjérneborgs Jernverks Aktiebolag, Bjorneborg, Sweden. 
(Melting furnaces and forge.) 
Bofors Aktiebolaget, Bofors, Sweden. (Jngots, forgings, 
castings and rolled bars.) 
*Degerfors Jernverks Aktiebolag, Degerfors, Sweden. 
(Ingots, plates, sections and bars.) 
Klafrestréms Bruk, A/B, Klavrestrém, Sweden. (Small 
castings.) 
Lesjéfors Aktiebolag, Lesjéfors, Sweden. 
bars.) 
Motala Verkstad, A/B, Motala Verkstad, Sweden. 
(Ingots, forgings, castings, sections and bars.) 
Uddeholms Aktiebolag, Uddeholm, Sweden. 
Works at Storfors. (Seamless tubes.) 
Works at Nykroppa. (Ingots, forgings and bars.) 
Works at Hagfors. (Castings.) 


(Ingots and 
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Halifax, N.S. 


Dominion Iron & Steel, Ltd. ; @ subsidiary of Dominion 
Steel & Coal Corporation, Ltd., Sydney, N.S. (Ingots, 
billets and sections.) 


Maritime Steel and Foundries, Ltd., New Glasgow, N.S. 
(Small castings.) 
Trenton Steel Works, Ltd., Trenton, N.S. (Forgings.) 


Hamburg 


Ellerbrock, Hans, Stahlgiesserei und Maschinenfabrik, 
Hamburg, Germany. (Castings.) 


Hanover 

Borsig A. G., Berlin-Tegel, Germany. (Ingots, forgings 
and castings.) 

Eisen-und Stahlwerk Pleissner G.m.b.H., Herzberg/ 
Harz, Germany. (Castings.) 

Hiittenwerke Ilsede-Peine, A.G., Peine, Germany. (Ingots, 
billets, sections and bars.) 

* Hiittenwerk Salzgitter, A.G., Salzgitter-Driitte, Ger- 
many. (Ingots and plates.) 

Kléckner-Georgsmarienwerke, A.G., Osnabriick, Ger- 
many. (Ingots, bars, forgings and castings.) 

MIAG (Muhlenbau und Industrie G.m.b.H.), Braun- 
schweig, Germany. (Castings.) 


Helsingfors 


Osakeyhitio Vuoksenniska Aktiebolag, Imatra Iron 
Works, Imatra, Finland. (Ingots, slabs, blooms and 
billets, bars and sections.) 


Istanbul 
Makine ve Kimya Endustri, Celik Fabrikasi, Kirikkale, 
Turkey. (Ingots, forgings, rolled sections and bars.) 


Turkiye Demir ve Celik Fabrikalari, Karabuk, Turkey. 
(Ingots, plates, rolled sections and bars.) 


Katowice 

Huta 1-Go Maja, Gliwice, Poland. (Forgings.) 

ia Baildon, Katowice, Poland. (Ingots, forgings and 

ars.) 

*Huta Batory, Chorzow-Batory, Poland. (Forgings, 
plates and tubes.) 

Huta Bieruta, Czestochowa, Poland. (Seamless tubes.) 

Huta Bobreck, Bytom, Poland. (Ingots, slabs and 
blooms.) 

Huta Dzierzynskiego, Dabrowa Gornicza, Poland. (Billets, 
sections and bars.) 

Huta Florian, Swietochlowice, Poland. (Angles and bars.) 

Huta Jednose, Siemianowice Slaskie, Poland. (Ingots 
and seamless tubes.) 

Huta Kosciuszko, Chorzow, Poland. 
sections and rivet bars.) 

Huta Labedy, Labedy, Poland. (Flats and sections.) 

Huta Lenina, Krakow, Poland. (Ingots, slabs, plates up 
to 12 mm.) 


(Billets, blooms, 


489 Chap. P, Appendix 


Chapter P 


Katowice—continued 

Huta Malapanew, Ozimek k/Opola, Poland. (Castings.) 

Huta Nowotki, Ostrowiec Swietokrzyski, Poland. 
(Sections.) 

Huta Pokoj, Nowy Bytom, Poland. 

Huta Sosnowiec, Sosnowiec, Poland. 
seamless tubes.) 

Huta Stalowa Wola, Stalowa Wola, Poland. 
forgings, plates and sections. ) 

Huta Zawiercie, Zawiercie, Poland. 


(Plates and sections.) 
(Castings and 


(Castings, 


(Flats and bars.) 


Zaklady Urzadzen Technieznych “‘Zgoda’’, Swietoch- 
lowice, Poland. (Forgings.) 

Kiel 

Bach & Co., Nordische Stahlwerke, Neumunster, 


Germany. (Castings.) 


Kobe 

Aichi Steel Works Ltd., 

Chita Plant, Aichi Prefecture, Japan. (Ingots and 
forgings.) 

Kariya Plant, Aichi Prefecture, Japan. (Ingots and 
forgings.) , 

*Amagasaki Iron & Steel Mfg., Co., Ltd., Steel Plant, 
Amagasaki, Japan. (Ingots, plates, sections and bars.) 

Daido Steel Co., Ltd., 

Hoshizaki Works, Nagoya, Japan. (Ingots and bars.) 
Tsukiji Works, Nagoya, Japan. (Ingots, forgings 
and castings.) 

* Fuji Iron & Steel Co., Ltd., Hirohata Works, Hirohata, 
Himeji City, Japan. (Ingots, billets and plates.) 

Fujinagata Shipbuilding Co., Ltd., Osaka, 
(Castings and forgings.) 

Go Tron Works, Ltd., Ogaki Works, Ogaki, Japan. 
(Small castings.) 

Harima Shipbuilding & Engineering Co., Ltd., Aioi, 
Japan. (Castings and forgings.) 

Hitachi Metal Industries Ltd., 

Yasugi Works, Yasugi, Japan. (Ingots and bars.) 
Tobata Works, Tobata, Japan. (Castings.) 

Hitachi Shipbuilding Co., Ltd., Chikko Shipyard, 
Osaka, Japan. (Castings and forgings.) 

Hitachi Shipbuilding & Engineering Co., Ltd., Innoshima 
Shipyard, Innoshima, Japan. 
castings.) ; 

Howa Machinery, Ltd., Aichi Prefecture, 
(Castings). 

lino Sangyo K.K., Maizuru Dockyard, Maizuru, Japan. 
(Forgings and castings. ) 

Izuo Chukosho Co., Ltd., Osaka, Japan. (Casfings.) 

Kansai Tekko Co., Ltd., Amagasaki, Japan. (Small 
forgings.) 

Kawasaki Dockyard Co., Ltd., Kobe, Japan. (Forgings 
and castings.) 

Kawasaki Rolling Stock Mfg. Co., Ltd., Kobe, Japan. 
(Castings.) 


Japan. 


Japan. 


Chap. P, Appendix 490 


(Forgings and small 


LLOYD’S REGISTER OF SHIPPING 


Kobe— continued 


Kawasaki Steel Corporation. 
* Fukiai Works, Kobe, Japan. (Plates.) 
Hyogo Works, Kobe, Japan. (Castings and forgings.) 
Nishinomiya Works, Nishinomiya, Japan. (Rolling 
mills for plates up to 14 mm. in thickness.) 
Kobe Steel Works, Ltd., Kobe, Japan. (Castings and 
forgings.) 
Kobe Steel Works, Ltd., Takasago Plant, Arai, Japan. 
(Ingots, forgings and castings.) 
Kokko Chain & Machinery Manufacturing Co., Ltd., 
Osaka, Japan. (Angles, bars and castings.) 
Komatsu Manufacturing Co., Ltd., 
Komatsu, Japan. (Castings.) 
Oskaka Plant, Hirakata, Osaka Prefecture, Japan. 
(Castings.) 
Kotobuki Kogyo Co., Ltd., Hiro Works, Kure, Japan. 
(Castings.) 
Kurimoto Iron Works Ltd., Kagaya Works, Osaka, 
Japan. (Castings.) 
Maekawa Electric Steel Castings Co., 
(Castings.) 
Mitsubishi Heavy Industries Reorganized Ltd., 
Kobe Shipyard & Engine Works, Kobe, Japan. 
(Ingots, forgings and castings.) 
Mihara Engineering Works, Mihara, Japan. (Castings 
and forgings.) 
Mitsuboshi Iron Works Co., 
(Small forgings.) 
Mitsui Shipbuilding & Engineering Co., Ltd., Tamano, 
- Japan. (Ingots, forgings and castings.) 
Mitsumoto Valve Manufacturing Co., 
Osaka, Japan. (Small castings.) 
Nakayama Steel Works, Osaka, Japan. (Ingots, forgings, 
and plates up to 25 mm. in thickness. 
Nippon Sharyo Seizo Kaisha Ltd., Nagoya, Japan. 
(Castings.) 
Nippon Steel Foundry Co., Ltd., 
(Castings.) 
Nippon Tanko Co., 
forgings.) 
Nisshin Seiko Co., Ltd., 
No. 1 Shikama Plant, Himeji, Japan. (Rolled bars.) 
Aboshi Plant, Aboshi, Japan. (Castings.) 
Ohtani Heavy Industrial Co., Ltd., 
Amagasaki Plant, Amagasaki, Japan. (Plates up to 
4 in. in thickness.) 
Okamoto Iron Works Co., Kobe, Japan. (Small forgings.) 
Osaka Chain & Machinery Manufacturing Co., Ltd., 
Kaizuka Works, Osaka, Japan. (Small castings.) 
Osaka Stee] Casting Co., Ltd., Osaka, Japan. (Small 
castings.) 
Osaka Steel Tube Co. Ltd., Sasebo Works, Sasebo, Japan. 
(Seamless tubes.) 
Sanyo Special Steel Co., Ltd., Himeji, Japan. 
forgings.) 


Osaka, Japan. 


Ltd., Osaka, Japan. 


Ltd., Domyoji, 


Osaka, Japan. 


Ltd., Amagasaki, Japan. (Small 


(Small 
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Kobe—continued 


Sumitomo Electric Industries, Ltd., Itami Works, Itami, 
Hyogo Prefecture, Japan. (Ingots and small bars.) 


Sumitomo Machinery Co., Ltd., Nuhama, Japan. 
(Castings.) 
Sumitomo Metal Industries, Ltd. 
Steel Tube Works, Amagasaki, Japan. (Ingots, 


forgings, small bars, sections and weldless tubes.) 
Steel Works, Osaka, Japan. (Castings and forgings.) 
Wakayama Steel Works, Wakayama, Japan. (Small 


ingots, seamless tubes and electric resistance welded 
tubes.) 


Takada Steel Works, Ltd., Takada City, Nara Prefecture, 
Japan. (Castings.) 

Toho Seiko Kabushiki Kaisha, Nagoya, Japan. (Castings.) 

Tsukamoto Sogyo Co., Ltd., Osaka Works, Osaka, 
Japan. (Castings.) 

Uraga Tamashima Diesel Kogyo K.K., Tamashima 
Factory, Tamashima, Japan. (Small forgings.) 

Washino Seiki Shoji K.K., Imamura Plant, Aichi 
Prefecture, Japan. (Castings.) 

* Yamato Steel Works, Ltd., Osaka, Japan. 
plates.) 

Yonago Steel Works, Ltd., Yonago, Japan. (Castings.) 


(Ingots and 


La Spezia 

Faggian, Acciaierie Elettriche Pio, Soc. per Azioni, La 
Spezia. (Small castings.) 

Leghorn 

“Tlva” Alti Forni e Acciaierie d’Italia, Stabilimento di 
Porto Vecchio di Piombino. (Ingots, blooms, sections 
and bars.) 

Lisbon 

Alves, Alfredo, & Cia. (Filhos), Amadora, Portugal. 
(Castings.) 

Metalurgica Duarte Ferreira 
Portugal. (Castings.) 

Unido Fabril, Companhia, Barreiro, Portugal. (Castings.) 


Los Angeles 
Bethlehem Pacific Coast Steel Corporation, Los Angeles 
54, Cal., U.S.A. (Round bars.) 
Columbia-Geneva Steel Division, United States Steel 
Corporation. 
Torrance Works, Torrance, Calif., U.S.A. (Round 
bars and sections.) 
Geneva Works, Provo, Utah, U.S.A. (Plates.) 


Kaiser Steel Corporation, Fontana, Cal., U.S.A. (Ingots 
and plates.) 


Los Angeles Steel Casting Co., Los Angeles, Cal., U.S.A. 
(Castings.) 


S.a.r.1., Tramagal, 


Lyons 
Aubert et Duval, Anciens Ets., Aciéries des Ancizes, 
Puy de Dome. (Ingots, rolled bars and forgings.) 
Compagnie des Ateliers et Forges de Ja Loire, 
Usines de l’Ondaine, Firminy (Loire), France. (Ingots, 
billets, blooms, bars, castings and forgings.) 
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Lyons—continued 
Usines de l’Ondaine, Unieux (Loire), France. (Forgings). 


Usines de St. Chamond, St. Chamond (Loire), France. 
(Forgings and plates.) 


*Usines de St. Etienne, St. Etienne (Loire), France. 
(Plates.) 


*Creusot, Société des Forges et Ateliers du, (S.F.A.C.), 
Usines Schneider, Le Creusot, France. 


d’Imphy, Société Metallurgique, Aciéries d’Imphy 
(Niévre), France. (Ingots, forgings, bars and sections.) 


Guérigny, Forges Nationales de la Chaussade 4, Niévre, 
France. (Ingots, bars and forgings.) 


Marrel Fréres, Société Anonyme des Etablissements, 
Usines des Etaings, near Rive-de-Gier (Loire), France. 


Montlucon, Commentry, Société des Forges et Ateliers 
de, Usines St. Jacques, Montlucgon (Allier), France. 
(Castings, ingots, forgings, sheets and sections.) 

Ugine, Aciéries Electriques d’, Ugine (Savoie), France. 
(Ingots, billets, bars, sections, castings and forgings.) 


Malmé 


Anderson, Aktiebolaget Abjérn, Svedala, near Malmé, 
Sweden. (Castings.) 


Kockums Jernverk, Kallinge, Sweden. (Castings.) 


Mannheim 


Dingler, Karcher & Cie., G.m.b.H., Saarlindisches 
Stahlwerk, Worms/Rhein. (Castings.) 


Schiitze A.G., Ludwigshafen-Oggersheim, Germany. 
(Electric steel castings.) 


Stahlwerk Mannheim A.G., Mannheim-Rheinau. (Ingots, 
forgings and castings.) 


Marseilles 
Meridionales, Fonderies, Marseilles, France. (Castings.) 


Provence, Fonderies et Aciéries de, Marseilles, France. 
(Castings.) é 

Saut-du-Tarn, Société Anonyme des Forges et Aciéries du, 
Saint-Juery (Tarn), France. (Castings.) 

Société Métallurgique d’Imphy, Usine de Pamiers, 
Ariége, France. (Castings and forgings.) 

Tamaris, Société des Ateliers et Fonderies de, Tamaris 
(Gard), France. (Castings.) 


Teil, Fonderies & Aciéries du, Usine du Frayol, Le Teil 
(Ardeche), France. (Small castings.) 


Melbourne 


Melbourne Iron and Steel Mills, Pty., Ltd., Brooklyn, 
Melbourne. (Jngots.) 

Steel Company of Australia, 
Melbourne. (Castings.) 


Thompson’s (Castlemaine) Ltd., Williamstown, Victoria. 
(Castings.) 


Vickers, Ruwolt, Pty., Ltd., Richmond, Melbourne. 
(Castings.) 


Pty., Ltd., Coburg, 
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Milan 

Breda Fucine S.p.A., Fonderia Forgia e Macchine 
Industriali, Sesto San Giovanni, Milan. (Castings 
and forgings.) 

Breda Siderurgica, S.p.A., Sesto San Giovanni, Milan. 
(Ingots and sections.) 

Brescia, Acciaieria e Turbificio di, S.p.A., Brescia. 
(Ingots, sections and bars, castings, weldless or water 
gas welded tubular materials.) 

Caleotto, Acciaieria e Ferriera del, S.p.A., Lecco. (Ingots, 
castings, bars, small sections and small forgings.) 

Cantieri Navali Riuniti. Head Office: Genoa. Works: 
Cantieri Navale ed Officine Meccaniche di Ancona. 
(Small castings.) 

Ceretti, Pietro Maria, S.p.A., Ferriera Dell’ Ossola- 
Villadossola. (Castings.) 

Cobianchi, Metallurgica Vittorio, S.A. Head Office: 
Milan. Works: Omegna (Novara). (Castings.) 

Dalmine 8.p.A. Head Office: Milan. 

Dalmine Costa Volpino, Bergamo. (Seamless tubes). 
Dalmine Works, Bergamo. (Ingots and seamless 
tubes.) - 

Falck, Acciaierie e Ferriere Lombarde. Head Office & 
Works: Milan. (Weldless rolled or drawn tubes.) 


*Concordia Works, Sesto San Giovanni. (Rolling 
mill for plates.). 
Unione Works, Sesto San Giovanni. (Ingots, 


sections, bars, forgings and castings.) 
“Tlva” Alti Forni e Acciaierie d'Italia, Stabilimento di 
Lovere. (Sections, bars, castings and forgings.) 


Metallurgica Marcora, Busto Arsizio (Varese). 
less rolled and drawn tubes.) 


Milanesi Vanzetti, Fonderie Acciaierie, Milan. (Castings.) 
Motomeccanica, 8.p.A., Milan. (Small castings.) 
Pracchi, Fonderie Elettriche, Milan. (Small castings.) 


Sesto San Giovanni, Societi Anonima Acciaierie Elet- 
triche di, Sesto San Giovanni, Milan. (Castings.) 


8.1.8.M.A.—Societa Industrie Siderurgiche Meccaniche 
& Affini, Villadossola (Novara). (Rolled bars and 
rivets.) 

Stramezzi, P.; & C., Acciaiera e Ferriera di Crema, 
Crema. (Ingots, bars, small sections and rivets.) 


(Weld- 


Tosi, Franco, 8.p.A., Legnano. (Forgings and castings.) . 


Villa, Giovanni, Societ&a Anonima Officine Meccaniche- 
Fucinati-Stampati, Milan. (Forgings.) 


Mobile, Ala. 

Kilby Steel Co., Furnace Division, Anniston, Ala., U.S.A. 
(Ingots.) 

Republic Steel Corporation, Alabama City, Ala., U.S.A. 


*Tennessee Coal & Iron Division, United States Steel 
Corporation, Birmingham, Ala., U.S.A. Works: 
Ensley, Ala.; Rolling mills and forgings: Bessemer 
and Fairfield, Ala. 
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Montreal 
Canadian Steel Foundries (1956) Ltd., Longue Pointe, 
Montreal, P.Q., Canada. (Castings.) 


Canadian Tube and Steel Products, Ltd., 5765, Hamilton 
Street, Montreal, P.Q., Canada. (Angles, bars and 
rivets.) 

Canadian Unitcast-Steel, Ltd., Sherbrooke, P.Q., Canada. 
(Castings.) 

Lynn Macleod Metallurgy, Ltd., Thetford Mines, P.Q., 
Canada. (Castings.) 

Manitoba Rolling Mill Co., Ltd., Selkirk, Manitoba, 
Canada. (Billets, bars and sections.) 

Sorel Industries, Ltd., Sorel, P.Q., Canada. 
forgings.) 

Sorel Steel Foundries, 
(Castings.) 

Steel Company of Canada, Hamilton, Ontario, Canada. 
Works : Montreal. (Bars and angles, plates and billets.) 


(Ingots and 


Ltd., Sorel, P.Q., Canada. 


Nantes 


d’Hennebont, Forges, Hennebont, Morbihan, France. 
(Castings.) 


Sambre et Meuse, Société Anonyme des Usines & Aciéries 


de, Usines de Saint Brieuc, Cotes-du-Nord. (Small 
castings.) 

Naples 

“Tlva’’ Alti Forni e Acciaierie d'Italia. Head Office : 
Genoa. 


Stabilimento di Bagnoli. (Ingots, sections and bars.) 
Navalmeccanica S/A, Officine Meccaniche e Fonderie, 
Naples, Italy. (Castings.) 


* “Terni” Societa per |’Industria e |’Elettricha. 
Works: Terni. (Ingots, forgings, castings and plates.) 


Newcastle, N.S.W. 
* Broken Hill Proprietary Co., Ltd., Ironand Steel Works, 
Newcastle, N.S.W. (Plates, bars, sections and castings.) 


Commonwealth Steel Co., Ltd., Waratah, Newcastle, 
N.S.W. (Castings and forgings.) 


Newport News, Va. 


Newport News Shipbuilding & Dry Dock Co., Newport 
News, Va., U.S.A. (Castings and forgings.) 


Oslo 


Christiania Spigerverk, Oslo. 
rivet bars.) 


Drammens Jernstoberi & Mek-Verksted, A/S, Drammen. 
(Small castings.) 


Norsk Jernverk, A/S, Mo-i-Rana. 
billets, sections and bars.) 


Raufoss Ammunisjonsfabrikker, Raufoss. (Castings.) 
Strémmens Verksted, A/S, near Oslo. (Castings.) 


(Ingots and bars, also 


(Electric steel ingots, 
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Philadelphia, Pa. 
Alan Wood Steel Company, Conshohocken and Ivy Rock, 
Pa., U.S.A. (Blooms, billets and thin plates.) 


Atlantic Steel Castings Co., Chester, Pa., 
(Castings.) 
Bethlehem Steel Co., Bethlehem, Pa., U.S.A. (Ingots, 
forgings, bars and sections.) 
Lebanon, Pa., U.S.A. (Rolling mills for bars.) 
Steelton, Pa., U.S.A. (Forgings and castings.) 
Birdsboro Steel Foundry & Machine Co., Birdsboro, 
Pa., U.S.A. (Castings.) 
Crucible Steel Castings Co., 
(Castings.) 
Dodge Steel Company, Tacony, Philadelphia, Pa., U.S.A. 
(Small castings.) 
Donegal Steel Foundry Company, 601, East Market 
Street, Marietta, Pa., U.S.A. (Castings.) 
General Steel Castings Corporation, Eddystone, Pa., 
U.S.A. (Castings.) 
Lebanon Steel Foundry, Lebanon, Pa., U.S.A. 
castings.) 
* Lukens Steel Company, Coatesville, Pa., U.S.A. (Plates.) 
Midvale-Heppenstall Company, Nicetown, Philadelphia, 
Pa., U.S.A. (Forgings.) 
Pencoyd Steel & Forge Corporation, 3720-40, Main 
Street, Philadelphia, Pa., U.S.A. (Ingots and forgings.) 
Penn Steel Castings Co., Chester, Pa., U.S.A. (Castings.) 
Pennsylvania Electric Steel Casting Co., Hamburg, Pa., 
U.S.A. (Small castings.) 
Pennsylvania Forge Corporation, Tacony, Philadelphia, 
a., U.S.A. (Forgings.) 
Phoenix Steel Corporation. 


U.S.A. 


U.S.A. 


Lansdowne, Pa., 


(Small 


*% Works: Plate Division, Harrisborg, Pa., U.S.A. 
(Rolling mills.) 

Works: Structural Division, Phoenixville, Pa., 
U.S.A. (Sections and bars.) 


Quaker Alloy Casting Co., 
(Small castings.) 

Standard Steel Works Division of Baldwin-Lima- 
Hamilton Corp., Burnham, Mifflin County, Pa., U.S.A. 
(Castings and forgings.) 

United States Steel Corporation, Fairless Works, 
Morrisville, Pa., U.S.A. (Thin plates, bars and sections.) 

* Wickwire Spencer Steel Division, The Colorado Fuel & 
Tron Corporation, Claymont, Delaware, U.S.A. (Plates.) 


Myerstown, Pa., U.S.A. 


Pittsburgh, Pa. 

Alco Products, Inc., Latrobe, Pa 
forgings.) 

a Steel Co., Johnstown Plant, Johnstown, Pa., 


., U.S.A. (Ingots and 


Byers Company, A.M., Economy, Pa., U.S.A. 


(Plates, 
bars and ingots for forgings. ) 
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Pittsburgh, Pa.—continued 
Crucible Steel Company of America, Henry W. Oliver 
Building, Pittsburgh 30, Pa., U.S.A. 
Midland Plant, Midland, Pa. (Ingots, slabs, billets, 
universal mill plates, hot rolled and cold drawn bars.) 
Park Works, Pittsburgh, Pa. (Hot rolled and cold 
drawn bars.) 


oe Laughlin Steel Corporation, Pittsburgh, Pa., 


National Malleable & Steel Castings Co., Sharon, Pa., 

U.S.A. (Castings.) 

Pittsburgh Steel Company, Pittsburgh 30, Pa., U.S.A. 
Works: Monessen, Pa. (Ingots, billets and slabs.) 
Works: Allenport, Pa. (Rolling mills.) 

Republic Steel Corporation, Cleveland, O., U.S.A., 

Youngstown District, Youngstown, O., U.S.A. 

United States Steel Corporation, Pittsburgh, Pa., U.S.A. 
Clairton Works, Clairton, Pa. (Ingots, blooms, bars 

and sections.) 
Duquesne Works, Duquesne, Pa. 
blooms and bars.) 

* Homestead District Works, Pa., (¢ncluding McKees 
Rock Works.) (Ingots, billets, blooms, slabs, plates, 
sections and forgings.) 

Trvin Works, Dravosburg, Pa. (Rolling mills for thin 
plates.) 

McDonald Mills, Youngstown. 
bars and sections.) 

Ohio Works, Youngstown. 
blooms.) 

Youngstown Sheet and Tube Company, 

Brier Hill Works, Youngstown, Ohio, U.S.A. 


mee Works, Campbell, Mahoning Co., Ohio, 
U 


(Ingots, billets, 


(Rolling mills for 


(Ingots, billets and 


(Ingots and plates wp to 12,5 mm. in thickness.) 


Rio de Janeiro 


Brasileira de Usinas Metalurgicas, ‘The Companhia, 
Usina de Neves Sao Goncalo, Estado do Rio de Janeiro, 
Brazil. (Ingots, sections and bars.) 


Mineracao Geral do Brazil, Lda., 
(Ingots and weldless tubes.) 


Nacional Steel Works, Companhia Siderurgica, Volta 
Redonda, Est. do Rio de Janeiro, Brazil. (Plates and 
sections.) 


Rotterdam 


Bakker N. V., Machinefabriek-Staalgieterij, Ridderkerk. 
(Ingots and castings.) 


Rotterdamsche Droogdok Maatschappij, Rotterdam, 
Holland. (Small castings.) 


Rouen 


Société des Aciéries de Pompey, Usines du Manoir & 
Pitres (Kure), France. (Castings.) 


Société Métallurgique de Normandie, Mondeville, France. 
(Ingots, blooms, billets and bars.) 


Sao Paulo, Brazil. 
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Saarbriicken-Saar 

“ARBED,” Aciéries Réunies de Burbach - Eich - 
Dudelange, 

Division de Burbach, Sarrebruck. 
Burbach Works. (Ingots, billets and sections.) 
Hostenbach Works. (Plates.) 

Dingler, Karcher & Cie., G.m.b.H., Saarbriicken, Saar. 
(Castings.) 

Réchling’sche Eisen-und Stahlwerke G.m.b.H., Volk- 
lingen (Saar). (Castings, ingots, billets, bars and 
forgings.) 

* Société Anonyme des Forges et Aciéries de Dilling, 
Dillingen, Sarre. (Ingots and plates.) 


San Francisco, Cal. 


Bethlehem Pacific Coast Steel Corporation, South San 
prancieee, Cal., U.S.A. (Ingots, small sections and 
ars.) 


Enterprise Engine & Foundry Co., South City, Cal., 
U.S.A. (Castings.) 

General Metals Corporation, Oakland, Cal., U.S.A. 
(Castings.) 


Pacific States Steel Corporation, Niles, Cal., U.S.A. 
(Ingots, sections and bars.) 


Pacific Steel Castings Co., Berkeley, Cal., U.S.A. 
(Castings.) 


Seattle, Wash. 
Bethlehem Pacific Coast Steel Corporation, Seattle, 
Wash., U.S.A: (Sections and bars.) 


Isaacson Iron Works, P.O. Box 3028, Seattle, Wash., 
U.S.A. (Ingots.) 


Olympic Steel Works, Seattle, Wash., U.S.A. (Castings.) 


Washington Iron Works, Seattle, Wash., U.S.A. 
(Castings.) 


Shimonoseki 
Amagasaki Iron & Steel Manufacturing Co., Ltd., Kure 
Steel Works, Kure, Japan. (Ingots and castings.) 


Hitachi Ltd.; Kasado Works,. Kudamatsu, Japan. 
(Castings and forgings:) 


Japan Steel Works Ltd., Hiroshima Works, Hiroshima, 


Japan. (Forgings and castings.) 
Kure Shipbuilding & Engineering Co., Ltd., Kure, 
Japan. (Small forgings.) 
Miike Machinery Works of the Mitsui Mining Co., Ltd., 
Omuta-Shi, Japan. (Castings.) } 
Mitsubishi Shipbuilding & Engineering Co., Ltd., 
Hiroshima Works, Hiroshima, Japan. (Ingots, castings 
and small forgings.) 
Hiroshima Precision Machine Works, Hiroshima, 
Japan. (Small forgings.) 
Shimonoseki Works, Shimonoseki, Japan. (Small 
forgings.) 
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Shimonoseki—continued 


Mitsubishi Steel Manufacturing Co., Ltd., Nagasaki 
Works, Japan. (Ingots, blooms, plates, forgings and 
castings.) 

Mitsubishi Zosen K.K. (Mitsubishi Shipbuilding & 
Engineering Co., Ltd.) Nagasaki Shipyard & Engine 
Works, Saiwai-Machi, Nagasaki, Japan. (Castings 
and small forgings.) 

Nisshin Steel Works, Ltd., Kure Works, Kure, Japan. 
(Ingots and strip.) 

Okano Valve Manufacturing Co., Ltd., Moji. Works : 
Yukuhashi, Japan. (Small castings.) 

Sasebo Ship Industry Co., Ltd., Sasebo, Japan. (Castings 
and forgings.) 

Sumitomo Metal Industries, Ltd. Kokura Steel Works, 
Kokura, Japan. (Ingots, billets, bars and sections.) 

Ube Industries, Ltd., Ube Iron Works, Ube, Japan. 
(Ingots, forgings and castings.) 

*Yawata Iron and Steel Manufacturing Co., Ltd., 
Yawata, Japan. (Plates, sections, ingots and forgings.) 


Split 

Titovi Zavodi Litostroj, Ljubljana, Yugoslavia. 
(Castings.) 

Zelezarna Jesenice, Jesenice, Yugoslavia. 


Zeljezara Zenica, Zenica, Yugoslavia. 


(Billets, bars, 
sections and forgings.) 


Stockholm 


* Avesta Jernverks Aktiebolag, Avesta, Sweden. (Plates, 
sections and castings; also high pressure air receivers.) 

Boxholms A/B., Boxholm, Sweden. (Ingots, rolled slabs, 
blooms, billets, sections and bars.) 

Fagersta Bruks Aktiebolag, Fagersta, Sweden (Bruks- 
koncernen). 

Works: Fagersta. (Blooms, billets, forgings, rolled 
bars and electric resistance welded tubes.) 

Works: Forsbacka. (Blooms, billets, forged and 
rolled bars.) 

Works: Horndal. (Bars and angles.) 

Works: Osterbybruk. (Castings, forgings and rolling 
mill for bars.) 

Hallstahammar Aktiebolag, Hallstahammar, Sweden. 
(Castings and bars.) 

Kanthal, A/B, Hallstahammar, Sweden. (Castings and 
bars.) 

Kohlswa Jernverks Aktiebolag. (Melting furnaces, 
foundry forge and rolling mills for bars and small 
sections at Kolsva, Sweden.) 

Larssons A/B P. §., Gjuteri & Aduceringsverkstad, 
Eskilduna, Sweden. (Castings.) 

Nordiska Armaturfabrikerna, A/B, Linképing, Sweden. 
(Castings.) 

*Norrbottens Jarnverk Aktiebolag, Lulea, Sweden. 
(Ingots, slabs, blooms and billets, bars and sections.) 


QUALITY AND TESTING OF MATERIALS 


Stockholm—continued 
Ramnas Bruks Aktiebolag, Ramnas, Sweden. (Rolling 
mills for bars.) 


SKF. Hofors Bruk, Hofors, Sweden. 
forgings and thick walled tubes.) 


Sandvikens Jernverks Aktiebolag, Sandviken, Sweden. 
(Ingots, forgings, and tubes.) 


(Billets, bars, 


Smedjebackens Valsverks Aktiebolaget, Smedjebacken, 
Sweden. (Sections and castings.) 


Stil och Maskinaktiebolaget, Upsala, Sweden. (Ingots.) 
Stora Kopparbergs Bergslags Aktiebolag, Falun, Sweden. 
* Works: Domnarfvet. (Castings, ingots, sections and 
plates.) 
Works: Séderfors. (Forgings, bars and sections.) 
Surahammars Bruks Aktiebolag, Surahammar, Sweden. 
(Forge and rolling mills, also castings.) 
Svenska Jarnvagsverkstaderna, A/B, Linképing, Sweden. 
(Castings.) 
Svenska Kullagerfabriken, Aktiebolaget, Katrineholm, 
Sweden. (Castings.) 


Wikmanshytte Bruks A/B, Wikmanshyttan, Sweden. 
(Forgings, bars and sections.) 


Sydney, N.S.W. 

* Australian Iron & Steel, Ltd., Port Kembla, N.S.W. 
(Plates, bars, sections and forgings.) 

Bradford, Kendall, Ltd., Alexandria, Sydney, N.S.W. 
(Castings.) 

Hadfields Steel Works, Ltd., Alexandria, Sydney, N.S.W. 
(Castings and forgings.) 


Industrial Steels, Ltd., Lidcombe, Sydney, N.S.W. 
(Castings.) 


Talcahuano 


Pacifico, Compania de Acero del, $.A., Talcahuano, 
Chile. (Ingots, plates, bars and sections.) 


Taranto 


Pugliesi, Acciaierie e Ferriere, Bari, Italy. (Castings and 
weldless rolled or drawn tubes.) 


Toronto, Ontario 

Algoma Steel Corporation, Ltd., Sault St. Marie, 
Ontario, Canada. (Billets, bars, angles and plates.) 

Atlas Steels Ltd., Welland, Ontario, Canada. (Ingots 
and bars.) 

Canada Foundries & Forgings, Ltd., Welland, Ontario, 
Canada. (Forgings.) 

Dominion Foundries & Steel, Ltd., Hamilton, Ontario, 
Canada. (Ingots, plates and castings.) 

* Steel Company of Canada, Hamilton, Ontario, Canada. 
(Bars and angles, plates and billets.) 


Welland Electric Steel Foundry, Ltd., Welland, Ontario, 
Canada. (Small castings.) 
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Trieste 

Bertoli fu Rudolfo, Societa Anonima Officine Fratelli, 
Udine, Italy. (Castings, forgings, bars and sections.) 

Gorizia, Societa Anonima Fonderie Officine di, Gorizia 
Italy. (Small castings.) 

“Tlva” Alti Forni e Acciaierie d’Italia. Head Office : 
Genoa, Italy. 
*Stabilimento di Servola. (Ingots and plates.) 

S.A.F.A.U. Ferriere Acciaierie di Udine, Udine, Italy. 
(Forgings and castings.) 


? 


Valencia 

“ELCANO”, Empresa Nacional, Factoria de Manises, 
Valencia, Spain. (Castings and forgings.) 

Vizcaya, Altos Hornos de, S.A., Fabrica de Sagunto, 
Sagunto, Spain. (Ingots, plates, bars and sections.) 


Valenciennes 
Blanc-Misseron, Société Francaise des Acieries de, 
Quievrechain, Nord, France. (Ingots and castings.) 
Chiers, Société des Hauts-Fourneaux de la, Forges de 
Vireux Molhain, Vireux, Ardennes, France. (Plates, 
bars and sections.) 
Constructions Electriques de Jeumont, Forges et 
Ateliers de, Jeumont (Nord), France. (Castings.) 
de Wendel et Cie., S/A, Hayange, Moselle, France. 
*Usine de Fenderie. (Plates.) 
Usine de St. Jacques. (Sections.) 
l’Est, Société des Aciers Fins de, Hagondange, Moselle, 
France. (Ingots, blooms, billets, bars, plates and sheets.) 
Etablissements Gailly Fréres, Usine de Charleville, 
Charleville, Ardennes, France. (Small castings.) 
Firminy, Société Anonyme des Aciéries des Forges de, 
Usine des Dunes Leffrinckoucke, Boite Postale No. 41, 
Malo-les-Bains, France. (Ingots, billets, blooms, bars 
and forgings.) 
Fives-Lille-Cail, Société de, 
Usine de Fives, Lille (Nord), France. 
castings and forgings.) 
Usine de Denain, Denain (Nord), France. (Castings, 
ingots, forgings, blooms, bars and sheets.) 


(Ingots, 


Gennevilliers, Aciéries de, Gennevilliers, Seine, France. 
(Castings.) 

Grosse Forge, Aciéries et Ateliers de, Maurice Dembier- 
mont & Cie., Hautmont (Nord), France. (Forgings.) 
Haine-St.- Pierre et lLequin, Aciéries de, Société 

Anonyme, Lesquin-lez-Lille (Nord), France. (Castings.) 
Hauts-Fourneaux, Société Anonyme des, Forges et 
Aciéries de Pompey, Usines de Pompey, Mthe. & 
Melle, France. (Ingots, plates, angles and round bars.) 
d’Hirson §.A., Aciéries, Hirson, Aisne, France. (Castings.) 


*Laminoirs, Société Anonyme des, Hauts-Fourneaux, 
Forges et Fonderies, de la Providence, Hautmont 
(Nord), France. (Ingots, plates and sections.) 
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Valenciennes—continued 
Lorraine-Escaut S.A., 
Département Tubes, Usine d’Anzin, Anzin (Nord), 
France. (Ingots and weldless rolled or drawn tubes.) 
*Usine de Longwy, Section Mont-St.-Martin, Mont- 
St.-Martin (Meurthe et Moselle). (Sections and 
plates.) 


Usine de Longwy, Section Senelle, Longwy-Bas 
(Meurthe et Moselle.) (Ingots, blooms, bars and 
sections.) 

Usine de Sedan, Sedan (Ardennes). (Plates.) 

Usine de Thionville, Thionville (Moselle). (Forgings.) 

Marpent, Aciéries & -Ateliers de Construction de, 
Marpent, (Nord), France. (Castings.) 

Marquise, Usines Métallurgiques de, Rinxent, Pas-de- 
Calais. (Castings.) 

Maubeuge, Société Anonyme de la Fabrique de Fer de, 
Louvroil (Nord). (Ingots and plates.) 

Paris et d’Outreau, Aciéries de, Société Anonyme, Usine 
d’Outreau, Pas de Calais. (Castings.) 

Paris-Seine, Fonderies et Aciéries de, Usine de la Folie, 
Avenue de Bobigny, Noisy le Sec (Seine), France. 
(Castings.) 

Pompey, Société des Aciéries de, 

Usine de Dieulouard, Meurthe & Moselle, France. 
(Ingots, blooms; billets and bars.) 

Usine de Pompey, Meurthe & Moselle, France. 
(Ingots, plates, angles and round bars.) 

Sambre et Meuse, Société Anonyme des Usines et 
Aciéries de, Usines de Feignies, Feignies (Nord). 
(Castings.) 

Société Lorraine,de Laminage Continu, Sollac, B.P.13, 
Serémange, Moselle, France. (Ingots, slabs and plates.) 

Union de Consommateurs de Produits Metallurgiques 
et Industriels, U.C.P.M.I., Forges et Aciéries 
d’Hagondange, Hagondange, Moselle, France. (Blooms, 
billets, bars and sections.) 


Union Siderurgique Lorraine, SIDELOR, Usine d’Homé 
court, Meurthe et Moselle, France. (Jngots, blooms, 
billets and plates.) 


Usine de Micheville, Villerupt, Meurthe et Moselle, 
France. (Ingots; blooms, billets, bars and sections.) 
Usine de Rombas, Moselle, France. (Ingots, blooms, 
billets, bars and sections.) 
Union Siderurgique du Nord de la France. 
Ustnor Groupe A. 
*Usines de Denain, Denain (Nord). 
sections and castings.) 
Usryor Groupe B. 
Usines de Louvroil-Hautmont, Hautmont (Nord). 
(Ingots, bars and sections.) 
Usines de Valenciennes, Valenciennes (Nord). 
(Ingots, forgings, blooms, bars and sections.) 


Vallourec, Société, Usine d’Aulnoye, Aulnoye (Nord), 
France. (Weldless rolled and drawn tubes.) 


(Ingots, plates, 
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Vancouver, B.C. 

A.l. Iron & Steel Foundry Ltd., Vancouver, B.C., 
Canada. (Small castings.) 

Canadian Sumner Iron Works Ltd., Vancouver, B.C., 
Canada. (Small castings.) 

Victoria Machinery Depot Co., Ltd., Victoria, B.C., 
Canada. (Castings.) 


Venice (Mestre) 

Bolzano, 8.p.A., Acciaierie di, Bolzano. 
ingots, billets, bars and forgings.) 

Gresele, Acciaierie Valbruna di Ernesto, Vicenza. 
(Castings, bars, sections and forgings.) 

“Tlva’”’ Alti Forni e Acciaierie d’Italia, Stabilimento di 
Marghera. (Castings; also rolling mills for small 
sections and bars.) 


(Castings, 


Vereeniging 
Dunswart Iron & Steel Works, Ltd., Benoni, South Africa. 
(Castings, ingots, billets, and small sections.) 
Scaw Metals, Ltd., Union Junction, Transvaal, S. Africa. 
(Rivet bars, small rolled sections and castings.) 
South African Iron & Steel Industrial Corporation, Ltd., 
“Tscor’’ Works, Pretoria, Transvaal, 8. Africa. 
(Ingots, billets, sections and thin plates up to 


3 inch thick.) 
“Tscor’ Works, Vanderbijl Park, Transvaal, 


S. Africa. (Ingots, billets, slabs and plates.) 
Union Steel Corporation of South Africa, Ltd., “Usco” 
Steel Works, Vereeniging, Transvaal, §. Africa. 
(Ingots, billets, small sections, castings and rivet bars.) 
Vanderbijl Engineering Corporation, Ltd., Vanderbij] 
Park, Transvaal, South Africa. (Castings.) 


Vienna 
Works IN AUSTRIA 
Bohler, Gebr., & Co., Aktiengesellschaft, Vienna. 
Works: Kapfenberg, Styria. (Ingots, castings, 
forgings and bars.) 
Works: Bruckbach, Low Austria. 
for sections and bars.) 
Haselgruber, Johann, Hisenwerke Wordern, St. Andra- 
Wordern, Low Austria. (Ingots, sections and bars.) 
Klinger, Rich., Aktiengesellschaft, Gumpoldskirchen, 
near Vienna. (Small castings.) 
Oesterreichisch - Alpine Montangesellschaft, Vienna. 
* Works : Donawitz, Styria. (Plates and sections.) 
Works : Kindberg, Styria. (Rolling mills for small 
sections and bars.) 
Works: Zeltweg, Styria. (Forged bars.) 
Schoeller-Bleckmann Stahlwerke A.G., Vienna. 
Works: Ternitz, Low Austria. (Castings and bars.) 
Works: Muerzzuschlag-Hoenigsberg, Styria. (Bars.) 
Stahl-und Temperguss Aktiengesellschaft vorm. Fischer- 
Traisen, Vienna. 
Works: Traisen, Low Austria. (Castings.) 


(Rolling mills 


QUALITY AND TESTING OF MATERIALS 


Vienna—continued 

Steirische Gusstahlwerke, A.G., Vienna. 
Works: Judenburg, Styria. (Forgings and bars.) 

Vereinigte Oesterreichische Hisen-und-Stahlwerke A.G. 
Works: Liezen, Styria. (Ingots for forgings, castings.) 

* Works: Linz a.d. Donau, Upper Austria. (Plates, 
forgings and castings.) 

Waagner-Biro Aktiengesellschaft, Vienna, Austria. 

Works: Werk C., Vienna. (Castings.) 


Works IN CZECHOSLOVAKIA 


Nové hut Klementa Gottwalda, narodni podnik (New 
Metallurgical Works of Klement Gottwald, National 
Corporation), Ostrava - Kuncice. (Ingots and forgings.) 


Trinecké zelezirny velké Rijnové socialistické revoluce, 
ndrodni podnik (Trinec Iron Works Great Socialistic 
October Revolution National Corporation), Trinec. 
(Ingots, sections, bars and castings.) 


*Vitkovické Zelezirny Klementa Gottwalda, narodni 
podnik (The Vitkovice Steel Works Klement Gott- 
wald, National Corporation), Ostrava 10. (Castings, 
forgings, plates, sections, bars and seamless tubes.) 


Zavody V. I. Lenina Plzen, nérodni podnik (V. I. Lenin 
Works Pilsen, National Corporation, formerly the 
Skoda Works, Pilsen), Plzen. (Castings and forgings.) 


Yelezarny a dratovny Bohumin, narodni podnik (Iron 
Works & Wire Works Bohumin, National Corporation), 
Bohumin, Czechoslovakia. (Small sections, bars and 
seamless tubes. ) 


Works in HunGary 


K.G.M. Vaskohaszati Igazgatésag, Budapest. 
Works: Lenin Kohaszati Miivek, Miskole-Didsgyor. 
(Ingots, slabs, sections and bars.) 
Works: Lorinci Hengermii, Budapest. (Rolling mill 
for plates.) 
Works: Ozdi Kohaszati, Uzemek, Ozd. 
slabs, plates, sections and bars.) 


(Ingots, 


Vigo 
Aceros del Zarzo 8.A. (Adeza), Cabanas, Puentedeume 
(La Coruna), Spain. (Ingots and small castings.) 


Whyalla 


Broken Hill Proprietary Co., Ltd., Steel Foundry, 
Whyalla, 8. Australia. (Castings.) 


Winterthur 

de Roll, Société des Usines de Louis, Gerlafingen, 
Switzerland. (Ingots, round bars and forgings.) 

Fischer, Société Anonyme des Aciéries ci-devant Georges, 
Schaffhouse, Switzerland. (Castings.) 

Sulzer Fréres, Société Anonyme, Winterthur, Switzer- 
land. (Castings.) 
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Yokohama 
Ando Iron Works Co., Ltd., Tokyo, Japan. (Small 
forgings.) 


Azuma Steel Works Ltd., 
Azuma Plant, Tokyo, Japan. (Ingots for plate.) 
Senju Plant, Tokyo, Japan. (Rolling mills for plates.) 
Date Seiko Co., Ltd., Tokyo, Japan. (Castings.) 
Fuji Iron & Steel Co., Ltd., 
Works at Kamaishi, Japan. (Sections and bars.) 


Works at Kawasaki, Japan. (Rolling mills for strips 
for electric resistance welded tubes.) 
Works at Muroran, Japan. (Billets, sections and bars.) 

Hakodate Dock Co., Ltd., Hakodate Shipyard, Hakodate, 
Japan. (Small castings and forgings.) 

Hitachi Ltd., 

Hitachi Works, Hitachi, Japan. (Castings.) 
Mito Works, Katsutashi, Ibaragi-ken. 
forgings and castings.) 

Hatakeyama Iron Works Co., Ltd., Komatsugawa 
Works, Tokyo, Japan. (Small forgings.) 

Hokuriku Kogyo Co., Ltd., Sanjo Plant, Sanjo, Niigata 
Prefecture, Japan. (Small forgings.) 

Ishikawajima Heavy Industries Co., Ltd., Tokyo, Japan. 
(Ingots, forgings and castings.) 

Japan Special Steel Co., Ltd., Tokyo, Japan. (Forgings.) 

* Japan Steel Works Ltd., Muroran Works, Muroran, 
Japan. (Ingots, forgings, castings and plates.) 

Kakegawa Endo Iron Works Co., Ltd., Kakegawa, Japan. 
(Forgings.) 

Kanto Special Steel Works Ltd., Fujisawa, Kanagawa 
Pref., Japan. (Forgings.) 

Kanto Steel Co., Ltd., Shibukawa Works, 
Japan. (Ingots, small forgings and bars.) 

Kawaguchi Kinzoku Kogyo Kabushiki Kaisha, Kawa- 
guchi, Japan. (Castings.) 

Kawasaki Steel Corporation, Chiba Works, Chiba, Japan. 

(Slabs for plates.) 
Kureha Seitetsu Co., Ltd., Toyama, Japan. (Jngots.) 
Mitsubishi Kozai Kabuciiln Kaisha, Tokyo, Japan. 
Main Works. (Rolling mills for billets and bars.) 
Fukagawa Works. (Billets and bars.) 
Hirota Works. (Ingots.) 

Mitsubishi Nippon Heavy Industries, Ltd., Yokohama 
Shipyard and Engine Works, Yokohama, Japan. 
(Ingots, blooms, small forgings and castings.) 

Niigata Engineering Co., Ltd., Niigata, Japan. (Castings, 
ingots and forgings.) 

Nippon Casting Co., Ltd., Kawasaki, Japan. 
and castings.) 

Nippon Kokan Kabushiki Kaisha, 

Asano Dockyard, Yokohama, Japan. (Forgings.) 
Kawasaki Iron Works, Kawasaki, Japan. (Tubes, 
bars and sections.) 


*Tsurumi Iron Works, Tsurumi, Yokohama, Japan. 
(Plates.) 


(Ingots, 


Shibukawa, 


(Ingots 
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Yokohama—continued 
Nippon Stainless Steel Co., Ltd., Naoetsu. Works, 
Niigata, Japan. (Ingots, forgings and castings.) 
Nippon Tokushu Steel Tube Co., Ltd., Tokyo, Japan. 
(Rolling mills for weldless rolled or drawn tubes.) 
Nippon Yakin Kogyo Co., Ltd., Kawasaki, Japan. 
(Ingots, forgings, bars and sheets.) 
Nisso Steel Manufacturing Co., Ltd., 
Naoetsu Factory, Naoetsu, Niigata, Japan. (Ingots.) 
Oshima Plant, Tokyo, Japan. (Castings, small 
forgings and ingots for forging and plate.) 
Toyama Factory, Toyama City, Japan. (Ingots and 
forgings:) ; 
Tsurumi Works, Yokohama, Japan. (Rolling mill 
for plates.)- 
Riken Tanzo Co., Ltd., Maebashi Plant, Maebashi, 
Japan. (Small forgings.) 
Shimizu Tanzo Kabushiki Kaisha, Tokyo, Japan. 
(Forgings.) 
Shin Nippon Tanko K.K., Kawasaki, Japan. (Small 
forgings.) 
Sunnan Iron Works Co., Ltd., Yaizu, Japan. (Forgings.) 
Taira Steel Works, Osaka Shipbuilding Co., Ltd., Taira, 
Fukushima Prefecture, Japan. (Castings.) 
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Yokohama—continued 


Takasaki Metal Industry Co., Ltd., Takasaki Plant, 
Takasaki, Japan. (Small castings.) 


Tokushu Seiko (Special Steel Mfg.) Co., Ltd., Kawasaki 
Works, Kawasaki, Japan. (Ingots, forgings and bars.) 
Tokyo Kikai Kabushiki Kaisha, Oshima Cast Steel 
Works, Tokyo, Japan. (Castings.) 
Tokyo Steel Casting Co., Ltd., Tokyo, Japan. (Castings.) 
Tokyo Tankosho Co., Ltd., Kawasaki Factory, Kawa- 
saki, Japan. (Small forgings.) 
Toshiba Steel Co., Ltd., Tokyo, Japan. (Castings, small 
forgings, sections and ingots for forging and plates.) 
Toto Steel Manufacturing Co., Ltd., 
Tokyo Plant, Tokyo, Japan. (Sections.) 
Chigasaki Foundry, Chigasaki, Japan. (Ingots for 
forging, castings.) 
Uraga Shipbuilding Yard, Uraga Dock Co., Ltd., 
Yokosuka, Japan. (Castings and small , orgings.) 
Watanabe Steel Works Co., Ltd., Tokyo, Japan. 
(Castings.) 


Yokoyama Engineering Co., Ltd., Oshima 2nd Works, 
Tokyo, Japan. (Castings.) 
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MANUFACTURERS OF ALUMINIUM ALLOYS 


The following establishments have complied with the conditions contained in P 20 to P 24 of the Rules and are 
recognised by the Committee for the manufacture of aluminium alloys for shipbuilding purposes. 


United Kingdom 
Almin Ltd. 
International Alloys  Ltd., 
(Aluminium alloys.) 
Southern Forge Ltd., Langley, Bucks. (Alwminium 
alloy products.) 

Aluminium Wire & Cable Co., Ltd., Port Tennant, 
Swansea. (Aluminium alloys and products.) 
Birmetals Ltd., Quinton, Birmingham. (Aluminiwn 

alloys and products.) 
James Booth & Co., Ltd., Birmingham. (Aluminium 
alloys and products.) 
British Aluminium Co., Ltd., Falkirk. (Aluminium alloys 
and products.) 
British Aluminium Co., Ltd., Milton, Staffs. (Aluminium 
alloys and products.) 
British Aluminium Co., Ltd., Bank Quay, Warrington. 
(Aluminium alloys and products.) 
British Aluminium Co., Ltd., Latchford Lock Works, 
Warrington. (Alwminium alloys and products.) 
High Duty Alloys Ltd., Winscales, Workington. 
(Aluminium alloys and products.) 
Imperial Chemical Industries, Ltd., Waunarlwydd, near 
Swansea. (Aluminium alloys and products.) 
E. & E. Kaye, Ltd., Enfield, Middlesex. (Aluminium 
alloys and products.) 
Northern Aluminium Co., Ltd., Banbury. (Aluminiwm 
alloys and products.) 
Northern Aluminium Co.,  Ltd., 
(Aluminium alloys and products.) 
Reynolds T. I. Aluminium Ltd., Tyseley, Birmingham. 
Rheola Works, South Wales. (Aluminium alloys 
and products.) 
Tyseley Works. (Aluminium alloy products.) 
Redditch Works. (Alwminium alloy products.) 


Aylesbury, Bucks. 


Newport, Mon. 


Austria 
Vereinigte Metallwerke Ranshofen-Berndorf A.G., 
Braunauam Inn. (Aluminium alloys and products.) 


Belgium 

Ateliers Remi Claeys 8.A., Lichtervelde. (Alwminiwm 
alloy products.) 

§.A. Sidal, Société de L’Aluminium, Duffel. (Aluminium 
alloys and products.) 


Canada 

Aluminum Company of Canada, Ltd. (No. 1 Plant), 
Shawinigan Falls, Quebec. (Aluminium alloy products.) 

Aluminum Company of Canada, Ltd., Etobicoke Works, 
Long Branch, Ont. (Aluminium alloy products.) 

Aluminum Company of Canada, Ltd., Kingston, Ont. 
(Aluminium alloys and products.) 

R. D. Werner Co. (Canada), Ltd., Oshawa, Ont. 
(Aluminium alloys and products.) 
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Germany 

Aluminiumwalzwerke Singen G.m.b.H., Singen (Hohent- 
wiel). (Aluminium alloys and products.) 

Otto Fuchs, Meinerzhagen. (Aluminium alloys and 
products.) 

Osnabriicker Kupfer - und Drahtwerk, Osnabriick. 
(Aluminium alloys and products.) 

Vereinigte Deutsche Metallwerke A.G., Frankfurt- 
Heddernheim. (Aluminium alloys and products.) 

Vereinigte Leichtmetallwerke G.m.b.H., 
(Aluminium alloys and products.) 

Vereinigte Leichtmetallwerke G.m.b.H., Hanover. 
(Aluminium alloys and products.) 

Westfilische Leichtmetallwerke, Nachrodt. (Aluminium 
alloys and products.) 

Holland 

N.V. Nederlandsche Aluminium 
(Aluminium alloys and products.) 

Italy 

“Delta”? Societa Metallurgica Ligure S.p.A., Genoa. 
(Aluminium alloys and products.) 

Lavorazione Leghe Leggere, 
(Aluminium alloys and products.) 

Trafilerie e Laminatoio di Metalli S.p.A., Milan. 
(Aluminium alloys and products.) 

Japan 

Furukawa Electric Co., Ltd., Tokyo. (Aluminium alloys 
and products.) 

Kobe Steel Works, Ltd., Shimonoseki. 
alloys and products.) 

Norway 

A/S Nordisk Aluminiumindustri, Oslo.. 

Hoyanger Works. (Aluminium alloys.) 
Holmestrand Works. (Aluminium alloy products.) 

Raufoss Ammunisjonsfabrikker, Raufoss. (Alwminium 
alloy products.) 

Spain 

Eduardo K. L. Earle, Lejona. (Aluminium alloys and 
products.) 

Sweden 

A/B Svenska Metallverken, Finspong. (Aluminium alloys 
and products.) 

Switzerland 

Aluminium §.A., Menziken. (Aluminium alloys and 
products.) 

Société Anonyme pour l’Industrie de |]’Aluminium, 
Chippis. (Aluminium alloys and products.) 

Yugoslavia 

Tvornica Lakih Metala ‘Boris Kidric’, Sibenik. 
(Aluminium alloys and products.) 


Bonn. 


Maats., Utrecht. 


Marghera (Venice). 


(Aluminium 
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MANUFACTURERS OF STEEL WIRE ROPE 


The following establishments have complied with the conditions contained in P 18 of the Rules and are recognised 
by the Committee for the manufacture of steel wire towlines, mooring ropes, and standing rigging. 


United Kingdom 

Binks Bros., Ltd., London. 

Bridgwater Wire Rope Works Ltd., Bridgwater. 
British Ropes Ltd., Cardiff. 

British Ropes Ltd., Doncaster. 

British Ropes Ltd., Gateshead-on-Tyne. 

British Ropes Ltd., Glasgow. 

British Ropes Ltd., London. 

British Ropes Ltd., Retford. 

Bruntons (Musselburgh) Ltd., Musselburgh. 
Catherall Ropeworks Ltd., near Sunderland. 

Wm. Cooke & Co., Ltd., Rotherham. 

Joseph Crawhall & Sons Ltd., Gateshead-on-Tyne. 
Dawson & Usher Ltd., Sunderland. 

Dixon Corbitt Ltd., Gateshead-on-Tyne. 

Edge & Sons Ltd., Shifnal. 

Geo. Elliott & Co., Ltd., Cardiff. 

Frew Bros. Ltd., Coatbridge. 

Garnock Bibby & Co., Ltd., Liverpool. 

Glaholm & Robson Ltd., Sunderland. 

Glover Bros. (Mossley) Ltd., near Manchester. 
Hall’s Barton Ropery Co., Ltd., Hull. 

R. Hood Haggie & Son, Ltd., Newcastie-on-Tyne. 
John I. Hopper Ltd., Thornaby-on-Tees. 

Latch & Batchelor Ltd., Birmingham. 

Martin, Black & Co. (Wire Ropes), Ltd., Coatbridge. 
Overton Bros. Wire Ropes Ltd., Hull. 

D. Morgan Rees & Sons Ltd., Cardiff. 

Rylands Bros., Ltd., Warrington. 

Scottish Wire Rope Co., Ltd., near Glasgow. 

John Shaw Ltd., Worksop. 

Shefhield Wire Rope Co., Ltd., Sheffield. 

Terrells Wire Ropes Ltd., Bristol. 

Archd. Thomson, Black & Co., Ltd., Port Glasgow. 
Tyne Wire Rope Manufacturing Co., Ltd., South Shields. 
Webster & Co., Ltd., Sunderland. 

Whitecross Co., Ltd., Warrington. 

Wrights’ Ropes Ltd., Birmingham. 

Australia 

Australian Wire Rope Works Pty. Ltd.,Newcastle,N.S.W. 
Austria 

Joh. Pengg, Draht-und Walzwerke, Steiermark. 


Belgium 

Cableries & Corderies du Hainaut, $.A., Dour, near Mons. 
Cableries et Fonderies de & 4 Montignies s/Sambre. 
Corderies & Cableries Belges, et Gilly, S.A., near Charleroi. 
Corderies d’Ans & Cableries de Renory, 8.A., Renory. 
Corderies J. B. Ligny, S.A. des Gilly. 

Gonzalez Cock 8.A., Lokeren. 

Laurent Fréres, Boussu-lez-Mons. 

Le Lis, 8.A., Hamme-sur-Durme. 

Marcel Vermeire, Cablerie, Hamme. 

Van Praet-Dansaert, Baasrode. 

Vertongen-Goens 8.A., Termonde. 


Canada 

British Ropes Canadian Factory Ltd., Vancouver. 
Canada Wire & Cable Co. Ltd., Smith Falls, Ontario. 
Donald Ropes & Wire Cloth Ltd., Hamilton, Ontario. 


Denmark 
Jacob Holm & Sonners Fabriker, A/B., Copenhagen. 
Randers Rebslaaeri A/S., Randers. 


Finland 
Oy Teriskéysi, Helsinki. 


France 

Laminoirs-Tréfileries-Cableries de Lens, Lens. 

Société des Aciéries & Tréfileries de Neuves-Maisons, 
Chatillon, Sainte-Colombe-sur-Seine, (Cote d’Or). 

Saint-Freres, S/A, Saint-Ouen, Somme. 

Tréfilerie et Cablerie Julien Wurth et Cie., Reichshoffen. 

Tréfileries et Laminoirs du Havre. 


Germany 

Berkenhoff & Drebes A.G., Asslarer Hutte. 

J. Bertram K.G. Drahtseilwerk, Soest. 

Braucke, Adolf vom. A.G., Ihmerterbach. 
Dortmunder Drahtseilwerke G.m.b.H., Dortmund. 
Drahtseilerei Gustav Kocks, Miilheim (Ruhr)—Broich. 
Drahtseilwerke G.m.b.H., Bremerhaven. 
Drahtseilwerke Hugo Wohlfahrt, Neheim/Ruhr. 
Felten & Guilleaume, Koln-Mulheim. 

Gempt, J. H., Lengerich/Westf. 

Hamburger Drahtseilerei G.m.b.H., Bad Oldesloe. 


Hiittenwerk Oberhausen A.G. Werk Gelsenkirchen vorm. 
Boecker & Comp. 
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Germany—continued 

Klockner-Drahtindustrie G.m.b.H., Dusseldorf. 
Norddeutsches Drahtseilwerk, A. Brinkmann, Syke. 
Seilwerke Heinrich Puth K.G., Blankenstein, Ruhr. 
J. & W. Vornbaumen K.G., Iburg. 


Westdeutsche Seilindustrie Paul Stoessel, Osterrath 
b/Dusseldorf. 


Westfalische Drahtindustrie, Hamm. 
Westfalische Union A.G., Lippstadt. 


Westfalische Union A.G. fur Eisen und Drahtindustrie 
Drahtseilwerk Oesede. 


Wolf, Gustav, Gutersloh. 


Holland 


Staaldraadkabel & Herculestouwfabriek J.C. den Haan, 
Gorinchem. 


Vereenigde Touwfabrieken, Leiderdorp. 


India 
National Rolling & Steel Ropes Ltd., Calcutta. 


Italy 

Acciaierie Ferriere Lombarde Falck, Sesto San Giovanni. 
Giuseppe & Fratello Redaelli 8.p.A., Brescia. 

“Tlva”’ Alti Forni e Acciaierie d’Italia, Torre Annunziata. 
Industrie Metallurgiche Piemoentesi, Susa. 

Stabilimenti G. Fornara & Co., Turin. 


Trafilerie e Corderie Italiane-Societa per Azioni, Sesto 
San Giovanni. 


Japan 

Asahi Wire Rope Manufacturing Co. Ltd., Osaka. 
Dainichi Seiko Co., Ltd., Sakoshi. 

Kasuga Seiko K.K., Osaka. 


Kawasaki Steel Corporation, Chiba Iron and Steel Works, 
Chiba City. 


Kokoku Iron & Steel Wire Mfg. Co. Ltd., Niigata. 
Kokoku Iron & Steel Wire Mfg. Co. Ltd., Osaka. 
Kokoku Iron & Steel Wire Mfg. Co. Ltd., Tokyo. 
Nippon Steel Wire & Wire Rope Co. Ltd., Osaka. 
Nishida Wire Rope Mfg. Co. Ltd., Osaka. 

Sensyu Seiko Co. Ltd., Kaizuka. 
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Japan—continued 

Shinko Kosen Kosaku Co. Ltd., Amagasaki. 
Showa Wire Rope Mfg. Co. Ltd., Osaka. 
Tatsumi Rope Mfg. Co. Ltd., Osaka. 

Teikoku Sangyo Kabushiki Kaisha, Osaka. 
Tokyo Seiko Kaisha, Kokura. 

Tokyo Seiko Kaisha, Tokyo. 

Toyo Wire Rope Manufacturing Co. Ltd., Osaka. 


Norway 

Mandal Stal A/S, Mandal. 

Norsk Staaltaugfabrik, Trondheim. 
Tonsberg Reperbane A/S., Tonsberg. 


Poland 
Fabryka Lin i Drutu, Bytom Karp. 
Sosnowiecka Fabryka Lin i Drutu, Sosnowiec. 


Portugal 

Cordoaria Lisbonense, Lisbon. 

Quintas and Quintas, Povoa do Varzim. 
Rodrigues d’Oliveira, M, Sa & Fos, Ltda., Oporto. 


Spain 
“Nueva Montana Quijano’’, 8.A., Santander. 
Trenzas y Cables de Acero 8.A., Barcelona. 


Sweden 

Blombacka A/B., Lindfors. 

Fagersta Bruks A/B., Fagersta. 

Garphytte Bruks A/B., Garphyttan. 

Gunnebo Bruks A/B., Varberg. 

Lesjofors A/B., Lesjofors. 

SKF Hellefors Jernverk, Kristinehamn. 

Spangsholms Bruks A/B., Sya. 

Stallinefabriken, David Ahlquist A/B., Roslags-Nasby. 


United States of America 
Jones & Laughlin Steel Corporation, Muncy, Pa. 
Le Tourneau Westinghouse Co., Peoria, Illinois. 


Yugoslavia 
Novosadska Fabrika Kabela, Novi Sad. 
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PROVING ESTABLISHMENTS 


The following proving establishments are recognised by the Committee of Lloyd’s Register for the testing of anchors and 
chains while licensed by the Ministry of Transport for that purpose. 


Principal Superintendent : Mr. H. Murpuy. (Stationed at Netherton.) 


NETHERTON (near Dudley)—Lloyd’s Proving House 


Low WaALKER-oN-TyNE—Lloyd’s Proving House 
Giascow—Lloyd’s Proving House 
Carpirr—Lloyd’s Proving House 

CrapLey Hratra—Lloyd’s Proving House 


Superintendents 
Mr. H. Murpay 
Mr. R. J. Vooan 
Mr. 8. Botton 
Mr. F. W. Dovey 
Mr. H. Pxiviies 


The following machines have been recognised by the Committee for the testing of anchors and chain cables intended 
for ships other than those registered in the U.K. 


Australia 


Falkiner Chains Pty. Ltd., South Brisbane, Queensland 
(for testing chain cables up to 100 tons). 


Austria 


Ferdinand Freiherr y. Helldorff & Otto Rothart Ketten- 
werk Briickl, Briickl, Carinthia. 


Belgium 
Adh. Demanet, Gosselies, (for testing chains up to 
260 tons). 


Beliard, Crighton & Co., Ltd., Antwerp (for testing 
anchors and chain cables up to 100 tons). 


Mercantile Marine Engineering & Graving Dock Co., 
Antwerp. 


Société Anonyme des Anciens Etablissements Wattelar- 
Francq, Jumet. 


Canada 


Canada Chain & Forge Co., Ltd., Granville Island, 
Vancouver, B.C. 


Dominion Chain Co., Ltd., Niagara Falls, Ontario. 


Denmark 
Orlogsverftet, Holmen, Copenhagen. 


Finland 


Wirtsilé-Koncernen A/B., Dalsbruks Jiirnverk, Helsing- 
fors (for testing chain cables up to 250 tons). 
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France 
Carlier et Cie., St. Amand-les-Eaux (Nord). 


Davaine, Fils et Cie., St. Amand-les-Eaux (Nord) (for 
testing chain cables up to 132 tons). 

Etablissement Sirot-Mestreit, St. 

_(Nord). 

Fonderies Meridionales, Marseilles (for testing anchors 
only). 

Forges Nationales de la Chaussade & Guérigny, Niévre 
(for testing chain cables up to 300 tons). 

Paoli, J., & Co., Marseilles (for testing chain cables up 
to 200 tons). 

Société Anonyme des Chaineries de St. Amand-les-Eaux, 
Etablissements Dorémieux Fils & Cie., St. Amand-les- 
Eaux (Nord). 

Société des Forges des Fresnes, Fresnes-sur-Escaut 
(Nord) (for testing chain cables up to 150 tons). 


Veille, A., & Co., Le Havre. 


Amand-les-Kaux 


Germany 

Dortmund-Hoerder Hiittenunion A.G., Dortmund Works, 
Dortmund (for testing anchors only). 

Dortmunder Kettenfabrik Bernhard Mester, Wetterstr. 10, 
Dortmund. 

Fréndenberger Kettenfabrik, Heinrich Priinte, Fronden- 
berg-Ruhr (for testing chain cables up to 120 tons). 


Hansa Kettenfabrik Haunschild & Co., Dortmund. 
Howaldtswerke A.G., Hamburg. 
Joto-Werk Josef Topp, Kettenfabrik, Warmen (Ruhr). 
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Germany—continued 


Kettenfabrik Kalthof, August Thiele; and August 
Thiele G.m.b.H., Fabrik fiir Ketten und Ketten- 
forderer, Kalthof, near Schwerte-Ruhr. 

Kettenwerke Schlieper, Grune, Westphalia. 

Mannheimer Ankerfabrik u. Hammerwerk Gdbr. Heuss, 
Mannheim-Industriehafen (Ruhr). 

Stiileken, H. C., Sohn, Schiffswerft und Maschinenfabrik, 
Hamburg. 

Theile, J. D., Schwerte-Ruhr. 


Holland 


Koninklijke Nederlandsche Grofsmederij, Leiden. 
N.V. Anker-& Kettingfabriek “‘Schiedam”’ (Managing 
Director: P. Th. Verhoeff), Schiedam. 


Hong Kong 


The Taikoo Dockyard & Engineering Co. of Hong Kong 
Ltd. 


Italy 

Acciaieria e Ferriera del Caleotto 8.p.A., Lecco. 

Milanesi Vanzetti Fonderie Acciaierie, Milan (for testing 
anchors only). 

Navalmeccanica 8.A., Officine Meccaniche & Fonderie, 
Naples (for testing anchors only up to 60 tons). 


Japan 

Hamanaka Chain Manufacturing Co., Ltd., Himeji. 

Japan Mechanical Chain Manufacturing Co., Ltd., Osaka. 

Komatsu Manufacturing Co., Ltd., Komatsu. 

Komatsu Manufacturing Co. ., Ltd., Osaka Plant, 
Hirakata. 

Koyo Chain Manufacturing Co., Ltd., Osaka. 

Osaka Chain & Machinery Manufacturing Co., Ltd., 

Kaizuka Works, Osaka. 
Tokyo Chain Works Co., Ltd., Tokyo. 
Tokyo Steel Casting Co., Ltd., Tokyo. 


Norway 

A/S Kjettingfabriken, Helle (for testing chain cables up 
to 30 tons). 

Norsk Kjettingindustri A/S, Mandal. 


Spain 
Cadenas y Forjddos, §.A., 
Works : Lejona, Bilbao. 


J.°M. Olavarri, Bilbao. 


Forjas de San Martin de Pedro Framis, Barcelona _ 


(for testing chains up to 16°tons). ° 
Hijos di Vicinay, 8. en C., Ochandiano, Vizcaya. 


LLOYD’S REGISTER OF SHIPPING 


Sweden 


Gunnebo Bruks Aktiebolag, Gunnebobuck, Vastervik 
(for testing chains up to 20 tons). 


Jarnbirger A/B, Orsa. 
Ljusne Woxna Aktiebolag, Ljusne. 
Ramniis Bruks Aktiebolag, Ramnis. 


Statens Provningsanstalt (Government Retahicimenty 
Stockholm. 


United Kingdom 

North British Electric Welding Co., Ltd., 
Lanarkshire. 

Taylor, Samuel, & Sons (Brierley Hill) Ltd., Brierley Hill, 
Staffs. 


Coatbridge, 


United States 
American Anchor & Chain Corporation, Fieldsboro, N.J. 


American Chain Co., Braddock, near Pittsburgh, Pa.; 
and York, Pa. (for testing chains up to 22 tons). 


Baldt Anchor, Chain and Forge Division of the Boston 
Metals Co., Chester, Pa. 


Bellingham Chain & Forge Co., South Bellingham, Wash. 


Buckeye Steel Castings Co., Columbus, O. (for breaking 
tests on chain cables only). 


Carroll Chain Co., Columbus, O. 


General Steel Castings Corporation, Eddystone, Pa. 
(for testing anchors only). 


Johnson-Farmer Chain Division of the Boston Metals 
Co., Lebanon, Pa. 


McKay Company, McKees Rocks, near Pittsburgh, Pa. 
National Erie Co., Erie, Pa. (for testing anchors 
only). 
National Malleable and Steel Castings Co., Sharon, Pa. 
Portland Chain Manufacturing Co., Portland, Or. 
Republic Steel Corporation, Round Chain Division. 
Broadway & Chaincraft Roads, Cleveland, O. 
6921, East Marginal Way, Seattle 8, Wash. 
196, Freeway, So. San Francisco, Cal. 
Taylor, 8S. G., Chain Company, Hammond, Indiana. 


Yugoslavia 
Poduzece “Uljanik,’’ Pula (for loads above 20 tons). 


Tovarna Verig, Lesce pri Bledu (for testing chain 
cables only). 


N.B.—Ships supplied with anchors and chain cables tested at any of the establishments in the foregoing lists 
will have the notation of Lacp in the Appendix to the Register Book, provided that in the case of machines other 
than at licensed Proving Houses in the U.K., the tests are carried out under the supervision of a Surveyor to the Society. 
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QUALITY AND TESTING OF MATERIALS 


ELECTRICALLY WELDED STEEL CHAIN CABLES 
and 
CAST STEEL CHAIN CABLES 


Chapter P 


The following establishments have complied with the requirements for manufacture of electrically welded and 


cast steel chain cables and have been recognised by the Committee :— 


Grave I Electrically welded chain cables of mild steel having a tensile breaking strength of 20 to 26 tons per sq. inch. 


Grave Il Electrically welded chain cables of mild steel having a tensile breaking strength of 26 te 32 tons per sq. inch. 


Grape III Electrically welded special steel or cast steel, having a tensile breaking strength of 32 to 40 tons per sq. inch. 


ELECTRICALLY WELDED STEEL CHAIN CABLES 


GrapvE & TRADE Maximum 
Firm Name (IF ANY) DIAMETER 
United Kingdom 
Beal & Son (Cable Makers) Ltd., Cardiff. I, I & Ill 4 ins. 
British Steel Chain Co. Ltd., Old Hill, Staffs. 1 ae ee OT 133 ins. 
(Stud link & short link) 
Brown, Lenox & Co. Ltd., Pontypridd. 1, & Ill 4 ins. 
Chain Developments Ltd., (N. Hingley & Co. Ltd.), West I& Ul 1} ins. 
Bromwich. 
Griffin-Woodhouse Chain Cables Ltd., Cradley Heath, P Ill 2,3, ins. 
Staffs. 
North British Electric Welding Co. Ltd., Whifflet, Coat- I, Il & Il 4} ins. 
bridge, Lanarkshire. (One weld per link) 
I, I & Ill 332; Ins. 
(Two welds per link) 
(Floryt & Rytflo) 
Parsons Chain Co. Ltd., Stourport-on-Severn. LU & Il 1} ins. 
(Short link chain only) 
Taylor, Samuel, & Sons (Brierley Hill) Ltd., Brierley Hill, I&Il 44 ins. 
Staffs. Il 4} ins. 
(Tayco) 
Watson & Maclean Ltd., Glasgow. Ill in. 
(Short link chain only) 
Wheway, Job, & Sons Ltd., Birchills Hame & Chain I § in. 
Works, Walsall. II 11 in. 
(Short link only) 
Wood, Henry, & Co. Ltd., Saltney, Nr. Chester. T&il 42 in, 


SURVEYING 
DIstRIcT 


Cardiff 


Birmingham 


Cardiff 
Birmingham 
Birmingham 


Glasgow 


Birmingham 


Birmingham 


Glasgow 


Birmingham 


Liverpool 
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GrapDE & TRADE Maximum SURVEYING 


Firm NAME (IF ANY) DIAMETER DIstTRIcT 
Australia 
Falkiner Chains Pty. Ltd., South Brisbane. I 2,; ins. Brisbane 
Il 2 ins. 
(Famac) 
Belgium 
Adh-Demanet, Gosselies. I, 1 & Ill 76 mm. Antwerp 
Czechoslovakia 
Trinecké Zelezarny Velke Rijnové Socialistické Revoluce, IT&Il 46mm. Vienna 
Narodni Podnik, Retezdrna Mala Moravka (Trinec Iron 
Works Great Socialistic October Revolution National 
Corporation, Chain Works Mala Moravka). 
Finland 
Wartsili-Koncernen A.B., Dalsbruks Jarnverk, Dalsbruk. I, tl & I 64mm. Abo 
France 
M. Carlier & Cie., St. Amand les Eaux, Nord. I &Il 30mm. Valenciennes 
Davaine Fils et Cie., St. Amand les Eaux, Nord. T& Il 30mm. Valenciennes 
Forges Nationales de la Chaussade, Guerigny. Ill 74mm. Marseilles 
Manufacture de Chaines et Ancres de Saint-Amand, 
St. Amand les Eaux, Nord. 
Usine A, Ets Sirot Mestreit I, & il 80mm. Valenciennes 
Usine B, Ets Dorémieux I&Il 35mm. Valenciennes 
Ste. des Forges de Fresnes, Fresnes sur Escaut, Nord. I&II 65mm. Valenciennes 
Ill 60 mm. 
A. Veille et Cie., Le Havre. I, Il & Ill 100 mm. Havre 
I, Tl & Il 82-5 mm. 
(Monobloc) 
Germany 
Dortmunder Kettenfabrik B: Mester, Dortmund. I & Ill 69mm. Dortmund 
Hansa-Kettenfabrik Haunschild & Co., Dortmund. I 90mm. Dortmund 
Ill 75 mm. 
Joto-werk, Josef Topp Kettenfabrik, Warmen (Ruhr). I & Il 68mm. © Dortmund 
Ill 62 mm. 
Kettenfabrik Kalthof, August Thiele; August Thiele I, Il & Ill 105mm. Dortmund 


G.m.b.H. Fabrik fiir Ketten und Kettenforderer, 
Kalthof, near Schwerte-Ruhr. 
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Firm 


Germany—continued 
Kettenwerke Schlieper, Grune-Westfalen. 


Theile, J. D., Schwerte-Ruhr. 


Holland 
Anker-En Kettingfabriek “Schiedam’’, Schiedam. 


Koninklijke Nederlandsche Grofsmederij, Leiden. 


Italy 


Acciaieria e Ferriera del Caleotto, Lecco. 


Japan 
Hamanaka Chain Manufacturing Co. Ltd., Himeji. 


Japan Mechanical Chain Manufacturing Co. Ltd., Osaka. 


Komatsu Manufacturing Co. Ltd., Osaka. 


Tokyo Chain Works Co. Ltd., Tokyo. 


Norway 
Kjaettingfabriken, A/S, Helle. 


Norsk Kjettingindustri A/S., Mandal. 


Spain 


Cadenas y Forjados, Bilbao. 


Vicinay S.A., Deusto. 
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Grape & TRADE 
NAME (IF ANY) 


I, & il 


IU & Ul 


Il 


I, & Ill 
(Ego) 
I1&Il 

(Eldam) 


LU & ul 


Ill 


Ill 
(Kikai) 


Il 


I, Il & Il 


I 
(Short link chain only) 


I 
(Short link chain only) 


I, Ul & Ul 


IT &Il 
(Elec. welded) 
Ill 
(Elec. welded) 
I&Il 
(Flash welded) 
lll 
(Flash welded) 


MaxImMuM 
DIAMETER 


110 mm. 


92 mm. 


78 mm. 
85 mm. 


7 


5 mm. 


59 mm. 


76 mm. 


64 mm. 


76 mm. 


76 mm. 


19 mm. 


12 mm. 


57 mm. 
73 mm. 
60 mm. 
55 mm. 


48 mm. 
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SURVEYING 
District 


Dortmund 


Dortmund 


Rotterdam 


Rotterdam 


Milan 


Kobe 


Kobe 


Kobe 


Yokohama 


Oslo 


Oslo 


Bilbao 


Bilbao 
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Firm 


Sweden 
Gunnebo Bruks Aktiebolag, Gunnebobruk. 


Jarnbirger A/B, Orsa. 
Ljusne-Woxna Aktiebolag, Kattingfabriken, Ljusne. 


Ramnas Bruks Aktiebolag, Ramnas. 


United States of America 
Baldt Anchor, Chain & Forge Division, Chester, 
Pennsylvania. 


The Pacific Chain & Manufacturing Co., Portland, Oregon. 


Yugoslavia 
Tovarna Verig, Lesce: 


GRADE & TRADE 
NAME (IF ANY) 
I&Il 
LU & Wl 
I, II & Ill 


I, I & Ul 


I 
(Weld in alternate links) 


Ill 
(Flash welded) 


I, Il & Il 


I 
I 


CAST STEEL CHAIN CABLES 


United Kingdom 
Brown, Lenox &.Co. Ltd., Pontypridd. 


Japan 
Komatsu Manufacturing Co. Ltd., Komatsu. 


Osaka Chain & Machinery Manufacturing Co. Ltd., 
(Kaizuka Works), Osaka. 


Tokyo Steel Casting Co. Ltd., Tokyo. 


United States of America 


The National Malleable & Steel Casting Co., Sharon, 
Pennsylvania. 


Lonpon.—August, 1959. 
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It 


Ul 


Il 


Til 


Il 
(Naco) 


By order of the Committee, 


MAXIMUM 
DIAMETER 


16 mm. 
55 mm. 
92 mm. 


98 mm. 
ae 
2 in. 
24 in. 


23 ins, 


56 mm. 
49 mm. 


3 ins. 


89 mm. 


89 mm. 


89 mm. 


34 ins. 


SURVEYING 
DISTRICT 


Stockholm 
Stockholm 
Stockholm 


Stockholm 


Pennsylvania 


Seattle 


Rijeka 


Cardiff 


Kobe 


Kobe 


Yokohama 


Pittsburgh 


W. J. FERGUSON, 
Secretary and Chief Executive. 


ASSIGNMENT OF FREEBOARD 


The Committee of Lloyd’s Register are empowered to assign freeboards to British ships and to ships registered 
in other countries. Forms of application for the assignment of freeboard can be obtained from the London Office, or 
other offices of the Society. 


FREEBOARD MARKING FOR STEAM SHIPS AND MOTOR SHIPS 
ic 12 inches. ces 


' ' 

Top of Deck, acgseaaaaseunss~s= manrerowee 
A 
' 
' 
' 
‘ 
' 
‘ 
' 
' 

: Vertical line to be 


a 21 inches forward 


' of Centre of Disc. 
' 

! 

' 

' 

| 


}— 9 inches. These measurements to be taken from 
Centre of Dise to top of each line. 


of Disc to top of Deck. 


= x 


Freeboard to be measured from Centre 


aie | 
cn 
+E 


UPPER EDGE of horizontal N} 
line passing through the ee r~ 


Centre of Disc. 


H i 
' ' ' ‘ 
if a W 
fi t 
i | ed 
22] ey WNA _.....¥ 
H } Outside diameter H H teed 
| JE of Disc, 12 inches; ‘ H p< ! 
} '” thickness linch, ' t ide ena t 
: 1 LinesSins. 1 
' ‘ ‘in length _,! 
' \ ana 1 inch 
: H ‘in thick- 
t 


Horizontal line 18 inches 
<a ness, ' 
' 


long and 1 inch in thickness. H 
The Centre of Disc to be placed on both sides of ship amidships, i.e., at the middle of the length of the Summer Load Waterline. The disc, lines and letters are 
to be painted in white or yellow on a dark ground or in black ona light ground. They are also to be carefully cut in or centre-punched on the sides of iron and steel 
ships, and on wood ships they are to be cntinto the planking for at least one-eighth of an inch. The marks are to be plainly visible, and, if necessary, special 
arrangements are to be made for this purpose. Ships over 330 feet in length are not required to be marked with the W.N.A. line. 


FREEBOARD MARKING FOR SHIPS CARRYING TIMBER DECK CARGOES 


! 
w— inches. —y 


: i Top of Deck. 
’ ! 
1 Vertical line to be 1 Vertical line to be 
K— 21 inches aft of 21 inches forward 
| Centre of Disc. of Centre of Dise. 


7 


These measurements to be 
taken from Centre of Dise 


to top ot each line. LW 


' 
' 
no 
! 
| 
! 


~ 
L ---3- 


These measurements to be 
Ss taken from Centre of Diso 
to top of each line. 


Lo... LWNA 


Outside 
diameter of 
} Dise, 12ins.; 


! 
by 


' 

' 

' 

1 

' 

| 

| 

' 

| 

ta raved | 
ys thick | t& 18incheslongand — > 
linch in thickness. : 


. s © ' : 7 
Lines Sins. 5 thickness lin. 2 j Lines Sins. | 
in length J g Ke length 
and linch™ Horizontal _ line i=) , and 1 inch 

2 \ in thick- i 
ness, B ness, 
64 


The Centre of Disc to be placed on both sides of ship amidships, i.c., at the middle of the length of the Sammer Load Waterline. The disc, lines and letters are 
to be painted in white or yellow on a dark ground or in black on alight ground. They are also to be carefully cut in or centre-punched on the sides of iron and steel 
ships and on wood ships they are to be cut into the planking for at least one-eighth of an inch. The marks are to be plainly visible, and, if necessary, special 
arrangements are to be made for the purpose. Ships over 330 feet in length are not required to be marked with the W.N.A. line. 
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FREEBOARD MARKING FOR SAILING SHIPS 


Top of Deck. | re 


Freeboard to be measured from Centre 
of Dise to top of Deck. 


le 4i> 


UPPER EDGE of horizonta] Y 


line passing through the Kee eee 
Centre of Disc. ‘2 


KK long and 1 inch in thickness, 


The Centre of Disc to be placed on both sides of 


iene 12 inches. —=5) 
' ! 


| nh u 


Vertical line to be 


‘ 
21 inches forward ees 
of Centre of Disc, ; 
4 
1 
‘ 
‘ 
! 
! 
! 
' 
' 
! 


eee 


These measurements to be taken from 
Centre of Disc to top of each line. 


WNA _____.w. 


aanscannatic 


1 Lines9ins. 4 
' in length ' 
é—and 1 inch —} 
H in thick- 4 
' ness. ‘ 


Outside diameter 
we of Dise, 12 inches ; 
thickness 1 inch, 


A AAR ide 


Horizontal line 18 inches 


' 
ship amidships, i.¢., at the middle of the length of the Summer Load Waterline. The disc, lines and letters are 


to be painted in white or yellow on a dark ground orin black on a light ground. They are also to be carefully cut in or centre-punched on the sides of iron and steel 


ships, and on wood ships er are to be cut into the 
arrangements are to be made for this purpose. 


planking for at least one-eighth of an inch. The marks are to be plainly visible, and, if necessary, special 
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J. M. B. Howarpb, President, Esso Tankers, Inc., New York. 


Haro_p JACKSON, President, Wm. H. McGee & Co., Inc., New York, 
representing the St. Paul Fire and Marine Insurance Co. of St. Paul, 
Minn.; The Pheenix Insurance Co., Hartford, Conn.; Security 
Insurance Co., New Haven, Conn.; Camden Fire Insurance Associa- 
tion, Camden. N.J.; Sun Insurance Office, Ltd.; Royal Exchange 
Assurance, London; The Northern Assurance Co., London; The 
Indemnity Marine Insurance Co., Ltd., London; American Marine 
& General Insurance Co.; Provident Fire Insurance Company; Sun 
Insurance Co., New York; Equitable Fire & Marine Insurance Co.; 
The Employers’ Fire Insurance Co.; The Employers’ Liability 
Assurance Corporation, Ltd., London; American Employers’ 
Insurance Co.; and The Halifax Insurance Company of Mass. 


WILLARD F. Jones, New York. 
A.V. KASTNER, President,Gypsum Transportation Co., Staten Island, N.Y. 
JoHN McAuttrre, Chairman of the Board, American Eastern Corporation. 


G. W. MclInpor, Vice-President and Secretary, Talbot, Bird & Co., Inc., 
New York; Vice-President, Universal Insurance Co., New York. 


J. V. C. MALcoLmson, General Manager, Marine Dept., The Texas 
Company, New York. 
FRANKLIN D. Mooney, New York. 


Joun D. Reitty, Chairman of the Board, Todd Shipyards Corporation, 
New York, Galveston, New Orleans, Houston, San Francisco, 
Seattle, Los Angeles and Barranquilla. 


H. Harris Rosson, Vice-President and Director, United Fruit Co., New 
York. 


RAYMOND G. SHEPARD, Vice-President, Reliance Insurance Co., New York. 


JAMES SINCLAIR, President, Luckenbach Steamship Company, Inc., New 
York. 


D. D. Srrowmeter, Vice-President, Bethlehem Steel Company, Ship- 
building Division, New York. 


Epwarp L. TEeAce, President, New York Shipbuilding Corp., Camden, 
N.J. 


Cart F. VANDER CLUTE, General Manager, Marine Dept., Gulf Oil 
Corporation, New York. 


J. J. WALSH, 0.B.E., Local Director and General Manager, Furness, Withy 
& Co., Ltd., U.S.A. 


W. N. WESTERLUND, President, Westerlund, Knowles, Bergen, Inc., New 
York. 


FREDERICK R. WIERDSMA, General Manager, Holland-America Line, New 
York. 


PARKER S. Wise, General Manager of the Marine Transportation Dept., 
Socony-Mobil Oil Co., Inc. 


Frank B. ZeLLeR, Underwriter and United States Manager, British & 
Foreign Marine Insurance Co., Ltd.; Thames & Mersey Marine 
Insurance Co., Ltd.; and Underwriter, Marine Manager and Vice- 
President other Companies of Royal Globe Group, New York. 


Members at Outports 


R. L. Burke, President, Sun Shipbuilding & Drydock Company, Chester, 
Pa. 


G. W. CopriINnGcTon, Lakewood, Ohio. 
Robert G. Duntop, President, Sun Oil Co., Philadelphia, Pa. 


L. M. JoNASSEN, President, Cleveland Tankers, Inc., Cleveland, Ohio; 
Vice-President, Lakeland Tankers, Ltd., Toronto, Canada; President, 
Allied-Ashland Tankers, Cleveland, Ohio. 


REAR-ADMIRAL CHARLES R. Kuoury, President, Pittsburgh Steamship 
Division, United States Steel Corp., Cleveland, Ohio. 


CHARLES KurZ, President, Keystone Shipping Co., Philadelphia, Pa. 


Cuares F. LitrtepaGe, Vice-President, Insurance Company of North 
America, Philadelphia, Pa. 


JosepH A. Moore, Jr., President, Moore Dry Dock Co., San Francisco, 
Cal. : 


CapTAIN N. Nicotson, Mobile, Ala. 


Gicpert B. OxrorD, Vice-President, Boston-Old Colony Insurance Cos., 
Boston, Mass. 


T. S. PETERSEN, President, Standard Oil Company of California, San 
Francisco, Cal. 


RANDOLPH SEVIER, President, Matson Navigation Co., San Francisco, Cal. 


Secretary: W. G. Sibley, 
17, Battery Place, New York, 4. 


AUSTRALIAN COMMITTEE 


A. G. Potter, Chairman 


NorMaNn E. Jones, Managing Director, The Broken Hill Proprietary Co., 
Ltd. 

D. F. MIDDLETON, M.c., Partner, Gibbs Bright & Co.; Local Director, 
Port Line, Ltd. 


T. J. Parker, Director, Huddart Parker, Ltd. 
A. G. Potter, Director, Birt & Co. (Pty.), Ltd. 
A. vAN Bocuove, General Manager, Royal Interocean Lines. 


4, Bridge Street, Sydney, N.S.W. 
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CANADIAN COMMITTEE 


F. L. Parsons, Chairman 


A. F. BILKEY 
HaroL_p HusBAND 
DuDLey PaGE 
C. N. WILSON 


( Deputy-Chairmen 


| Districts of Montreal and Quebec 


i) R. A. CAMPBELL, President, Mohawk Navigation Co., Ltd., Montreal. 
D. A. CLARKE, 0.B.E., Chairman of the Board, Clarke Steamship Co., Ltd. 
Lt.-CoL. S. D. CLARKE, President, Clarke Steamship Co., Ltd. 
Lt.-Co i. I. H. EAKIN, 0.B.£., Managing Director, McLean Kennedy, Ltd. 
GasTon Er, President. Transit Tankers & Terminals, Ltd., Montreal. 


J. R. Y. Jounston, Managing Director, Canadian Pacific Steamships, 
Ltd. 


R. Lowery, President, Davie Shipbuilding, Ltd. 


A. L. W. MAcCALLuM, ¢.B.E., Consultant, Shipping Federation of 
Canada, Inc. 


T. R. McLaGAan, 0.B.£., President, Canada Steamship Lines, Ltd. 


Dup ey PAGe, General Manager in Canada, The Cunard Steam-Ship Co., 
Ltd. 


F. L. Parsons, President, Saguenay Shipping, Ltd., Montreal. 


L. J. PATTINGTON, 0.B.E., Vice-President, Federal Commerce & Navigation 
Co., Ltd. 


A. PULLIN, Vice-President and General Manager, Hall Corporation of 
Canada, Montreal. 


E. P. REES, C.M.G., M.c., Director, Furness, Withy & Co., Ltd. 
CapPTAIN N. J. Reocu, President, The Reoch Steamship Co., Ltd. 
Sypney M. Ross, President, Dale & Co.. Ltd. 

A. SAuvE, General Manager, Marine Division, Canadian National Railways. 
A. LUDGER SIMARD, President & Managing Director, Marine Industries, Ltd. 


R. K. THOMAN, Vice-President and General Manager, Canadian Vickers, 
Ltd., Montreal. 


Toronto and Lake District 


CapTAIN R. B. ANGus, Upper Lakes Shipping Ltd., Toronto. 
A. F. BiLKey, President, Marine Managers, Ltd., Toronto. 
J. W. HamiLton, Director, Imperial Oil, Ltd., Toronto. 
BE. R. MACMILLAN. ; 
CAPTAIN JOHN MISENER, General Manager, Misener Holdings, Ltd. 


CapTAIN R. Scotr MISsENER, President, Scott Misener Steamships, Ltd., 
Port Colborne. : 


A. F. Mourt, Chief Metallurgist, The Steel Company of Canada, Ltd. 


Cou. A. N. Jones, President, Pickford & Black, Ltd., Halifax, N.S. 


H. I. MATuHeRS, President, 1. H. Mathers & Son, Ltd., Halifax, N.S. 


F. H. CLENDENNING, Chairman, Empire Shipping Co., Ltd. 
A. B. GranaM, President, Anglo-Canadian Shipping Co., Ltd. 
HAROLD HusBanb, President, Victoria Machinery Depot Co., Ltd. 


JOHN MACINNES, Managing Director, North Pacific Shipping Co., Ltd., 
Vancouver. 


CapTAIN R. B. ANGUS 
A. F. BILKEy 

R. A. CAMPBELL 
GASTON ELIE 

J. W. HAMILTON 


R. Lowery 

E. R. MACMILLAN 

CAPTAIN JOHN MISENER 
CAPTAIN R. Scotr MISENER 
A. F. Mori 


Canada Steamship Lines Building, 759, 


J. N. PATERSON, Vice-President and General Manager, N. M. Paterson & 
Sons, Ltd., Fort William. 


R. F. Porter, Jr., President, Gayport Shipping, Ltd., Toronto. 


R. P. Rircnie, Vice-President of Transportation and Supplies, Shell Oil 
Company of Canada. 


W. Gorpon Smit, Manager of Marine Department, British American 
Oil Co., Ltd., Toronto. 


J. F. VAUGHAN, General Manager, Port Weller Dry Dock Co., Ltd., 
Port Weller, Ont. 


H. W. Watton, Vice-President, Canadian Shipbuilding and Engineering, 
Ltd. 


Maritime Provinces 


R. J. R. NELSON, Consultant, Halifax Shipyards, Ltd. 


C. N. Witson, President, Saint John Tug Boat Co., Ltd., and Standard 
Dredging Co. 


District of Vancouver, B.C. 


E. F. Rmpp.e, 0.8.£., President, Canada Shipping Co., Vancouver. 


gga ie" Hon. CLARENCE WALLACE, C.B.E., President, Burrard Dry Dock 
‘0., Ltd. 


H. A. WALLACE, President, Yarrows, Ltd. 


SUB-COMMITTEE FOR THE GREAT LAKES DISTRICT 


J. N. PATERSON 

R. F. Porter, Jr. 

A. PULLIN 

CapTAIN N. J. REocH 
R. P. Rircuie 


W. Gorpon SMITH 
J. F. VAUGHAN 
H. W. WALTON 


Victoria Square (Room 51), Montreal, P.Q. 


DANISH COMMITTEE 


H. P. CHRISTENSEN, Chairman 
AXEL KAMPEN, Deputy-Chairman 


H. ANDRESEN, Deputy Director, A/S Burmeister & Wain’s Maskin-og 
Skibsbyggeri, Copenhagen. 


J. M. Barroep, Director, A/S Burmeister & Wain’s Maskin-og Skibs- 
byggeri, Copenhagen. 


K. BULOW-JeNsEN, Dampskibs-Aktieselskabet Myren (Holm & Wonsild), 
Copenhagen. 


H. P. CHRISTENSEN, Managing Director, Helsingér Skibsverft-og Maskin- 
byggeri A/S, Elsinore. 


A. CHRISTIANSEN, Consultant, J. Lauritzen’s Rederi, Copenhagen. 


HAKON CHRISTIANSEN, Director, A/S Det @stasiatiske Kompagni, 
Copenhagen. 


Orto CuRISTIANSEN, Director, A/S Nakskov Skibsverft, Nakskov. 


| 
| 
| 
| 
| 


E. HAHN-PETERSEN, A/S Det Dansk-Franske Dampskibsselskab (A. N. 
Petersen), Copenhagen. 


SvEND F. JACoBsEN, Copenhagen. 
AxeL KaAmpeEN, A/S Dampskibsselskabet Torm, Copenhagen. 


J. A. K6rBinG, Chairman, Board of Directors, Det Forenede Dampskibs- 
Selskab A/S, Copenhagen. 


Peter LetH, Director, De Private Assurandérer A/S, Copenhagen. 
A. P. MOLLER, Copenhagen. 
E. RINGSTED, B.Sc., Director, Odense Staalskibsverft A/S. Odense. 


L. Rostock-JENsEN, Director, A/S Assurance-Compagniet “Baltica’’, 
Copenhagen. 


Store Kongensgade 49, Copenhagen K. 


FRENCH COMMITTEE 


MARCEL EMILE CAPELLE, Chairman 


PrERRE GASTON BRETON 


R. NEPVEU 


JeAN BERAUD-VILLARS, Président Directeur Général, “‘La Minerve’’. 
PIERRE GASTON BRETON, Directeur de la Fonciére Transports. 


Marcet EMILE CAPELLE, Président de la Compagnie de Navigation 
d’Orbigny. 


A. CHARON, Président Directeur Général de Shell Frangaise. 

Y. Desprez, Président de la Cie. Auxiliaire de Navigation. 

P. Louts-DreyFus, Louis Dreyfus & Co. 

JEAN FRAISSINET, Président de la Compagnie de Navigation Paquet. 

a za 9 Président Directeur Général de la Société Francaise des Pétroles 
RoperT Lasse, Associé de Messrs. Worms & Cie ; Président de la Société 


Anonyme des Ateliers et Chantiers de la Seine Maritime; Président 
de Worms, Cie. Maritime et Charbonniére. 


\ Deput 'y-Chairmen 


Lucien LeroL, Président Directeur Général des Ateliers et Chantiers de 
France; Président Directeur Général de la Cie. des Forges & 
Aciéries de la Marine et de St.-Etienne. 

ANpDRE LE GRAND, Président de la Compagnie de Remorquage et de 
Sauvetage “‘Les Abeilles”’. 

Jacques Macé, Administrateur-Directeur Général de la ““C.A.M.A.T.” 
(Compagnie d’Assurances Maritimes Aériennes & Terrestres). 

Léon MarteL, Président Directeur Général de la Société Générale de 
Transports Maritimes a Vapeur. 


R. Nepveu, Président honoraire des Forges et Chantiers de la Gironde. 

JEAN PINczON, Administrateur-Directeur Général des Chantiers de l’Atlan- 
tique (Penhoét-Loire). 

L. ScHIAFFINO, Gérant de la Société Algérienne de Navigation Charles 
Schiaffino & Co. 


JeAN Marie TERRIN, Président de la Société des Ateliers Terrin, & 
Président des Chantiers Navals de la Ciotat. 


Secretary: Capitaine de Vaisseau G. E. Delattre, 


32, rue Caumartin, Paris 9°. 


HOLLAND COMMITTEE 


B. E. Ruys, Chairman 
Ir. W. H. Kruyrr, Deputy-Chairman 


C. J. A. VAN DAALEN, Wilton-Fijenoord Dok-en Werf-Mij. N.V., Schie- 
dam. 


Mr. B. F. Everts, Tollenaar & Wegener, Amsterdam. 


P. GorpKoop, Dzn., Nederlandsche Dok en Scheepsbouw Maatschappij 
Bets Amsterdam, and Kromhout Motoren Fab. D. Goedkoop, 
Jr., N.V. 


P. DE JOSSELIN DE JONG, Stoomvaart Maatschappij ““Nederland” N.V., 
Amsterdam. ‘ 


Mr. J. J. Kamp, Algemeene Brandwaarborg Maatschappij van 1818, 
Rotterdam. 


Ir. C. KAPSENBERG, Koninklijke Maatschappij “De Schelde” N.V., 
Flushing. 


Ir. W. H. Kruyrr, Koninklijke Nederlandsche Stoomboot Maatschappij 
N.V., Amsterdam. 


W. H. pe Moncny, Holland-Amerika Lijn, Rotterdam. 


IR. K. VAN DER Pots, Rotterdamsche Droogdok Maatschappij N.V., 
Rotterdam. 


J. VAN Roon, Halcyon-Lijn N.V., Rotterdam. 


B. E. Ruys, Wm. Ruys & Zonen, Koninklijke Rotterdamsche Lloyd, 
Stoomvaart Maatschappij “Rotterdam”, Rotterdam; Scheepvaart 
Maatschappij “Triton’’, Rotterdam; Koninklijke Java-China Paket- 
vaart Lijnen N.V.; Koninklijke Paketvaart Maatschappij N.V. 


L. SPEELMAN, Koninklijke Java-China Paketvaart Lijnen (Interocean 
Lines), Amsterdam. 


F. G. Stork, Koninklijke Machinefabriek Gebr. Stork & Co. N.V., 
Hengelo. 


ANTHONY VEDER, Maatschappij Zeetransport Oranje Lijn, Rotterdam. 


A. WARNDERINK VINKE, Stoomvaart Maatschappij Oostzee and Stoom- 
vaart Maatschappij Hillegersberg, Amsterdam. 


P.O. Box No. 701, Rotterdam. 


ITALIAN COMMITTEE 


Dorr. FRANCESCO MANZzITTI, Chairman 


Dorr. ING. ANTONIO CARLO CALCAGNO 


Gr. Urr. Rac. UGo Fassio 


Pietro Avonzo, Direttore, Soc. “Italia” di Assicurazioni e Riassicura- 
zioni, Genoa. 


Dorr. Marino Bipot, Consigliere-Direttore Generale, ““Fiumeter” S.p.A. 
di Assicurazioni e Riassicurazioni, Rome. 


N. H. Dorr. Inc. Giacomo BRrUzzo, Amministratore Delegato, Accia- 
ieria e Ferriera di Bolzaneto, Genoa. 


Dorr. ING. ANTONIO CARLO CALCAGNO, Amministratore Delegato, 
Cantieri Navali Riuniti, Genoa. 
Fitiprpo CaAMELI, Armatore, Genoa. 


Lec. p’Hon. Gr. Urr. Dott. ING. PrerRo CAMPANELLA, Presidente, 
Societa “Ilva”, Genoa. 


Dott. ANGELO Cost, Presidente, Confederazione Italiana degli Armatori 
Liberi, Rome. 


Dorr. ING. Uco Crovetti, Direttore Generale, Cantieri Riuniti 
dell’ Adriatico, Trieste. 


Comm. Dott. ING. EpGARDO bE Vito, Vice-Direttore Generale, S.p.A. 
“Ansaldo,” Genoa. : 


Dott. ING. GIOVANNI FALCK, Presidente, Acciaierie e Ferriere Lombarde 
Falck, Milan. 


Cav. Gr. Cr., CAV. DEL Lav. Dott. ING. Ernesto Fassio, Presidente, 
Associazione Armatori Liberi, Genoa. 


Gr. Urr. Rac. UGo Fassio, Presidente, Comitato delle Compagnie di 
Assicurazioni Marittime, Genoa. 


Gr. Urr. Dott. ING.. ARNOLDO FOGAGNOLO, Direttore Divisionale, 
Divisione Mare, “Fiat” S.p.A., Turin. 


} Deputy-Chairmen 


Dorr. ING. ERCOLE Lauro, Consigliere Delegato, Soc. di Nav. ‘““Aretusa” 
& “Elios”, Palermo. 


Dott. FRANcEscO MANziTTI, Presidente, Soc. Finanziaria Marittima 
“Finmare”, Rome. 


Comm. ING. NicoL6 MArtTINOLI, Presidente, Associazione Armatori 
Giuliani, Trieste. 


Dorr. ING. FRANCESCO RONSISVALLE, Direttore, Cantieri Navali di 
Taranto, Taranto. 


Gr. Urr. Dott. ING. Grusepre RosIni, Amministratore Delegato e 
Direttore Generale, ‘“‘Ansaldo” S.p.A., Genoa. 


Cav. DEL Lav. Dorr. ANTONIO ERNESTO Ross!, Presidente, ““Cornigliano” 
S.p.A., Genoa. 


Dott. PAoLo SALeEMI, Direttore, Societa di Assicurazioni gid Mutua 
Marittima Nazionale, Genoa. 


Lec. D’HON., C.B.E., GR. CORDONE, CONTE SALVATORE TAGLIAVIA, Presi- 
dente, Associazione Armatori Liberi Siciliani, Palermo. 


On. Avy. GiorGio TuPINI, Presidente-Amministratore Delegato, Naval- 
meccanica S.p.A., Naples. 


Dott. ING. Errore VERNARECCI, Direttore Centrale, ‘Italia’ S.p.A.N., 
Genoa. 


Dorr. ING. Guipo ViGNuzzI, Presidente-Amministratore Delegato, Soc. 
Finanziaria Meccanica ‘‘Finmeccanica’’, Rome. 


Comte., Dorr. Giorcio ZANaRDI, Responsabile del Ramo Trasporti delle 
‘Assicurazioni Generali’’, Trieste. 


Secretary: Rag. P. Cesa, 
Via Sottoripa la/112 (10th floor), Genoa. 
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NEW ZEALAND COMMITTEE 


H. H. Doste, Chairman 


H. H. Dosir, Managing Director, Union Steam Ship Co. of New Zealand, 
Ltd. 


Sir JAMES FLETCHER, Chairman, Fletcher Holdings, Ltd. 
F. D. Harris, General Manager for New Zealand, Shaw Savill Line. 


A. N. Lest, General Manager, Union Steam Ship Co. of New Zealand, 
Ltd. 


F. W. Spite, Managing Director, New Zealand Shipping Co., Ltd. 


G.P.O. Box 2129, Wellington C.1., N.Z. 


SPANISH COMMITTEE 


Don Ernesto ANASTASIO, Chairman 


Don Jesus ALFARO, Vice-Chairman 


Don Jesus ALFARO, Chairman, Empresa Nacional Elcano, Madrid. 


Don ERNESTO ANASTASIO, Chairman, Unidn Naval de Levante, and 
La Union y El Fénix Espajiol, Madrid; also Hon. Chairman, Com- 
pania Trasmediterranea. 


Don JUAN ANTONIO DE AZNAR, Chairman, Compaiiia Euskalduna de 
Construccioén y Reparacion de Buques and Compajiia Naviera Aznar, 
Bilbao. 


Don IGNAcIo Diaz bE EspapA, Ingeniero Naval, Compaiiia Espafiola de 
Petréleos; Director, Naviera de Exportacién Agricola S.A., Madrid. 

Don FELIX DE GREGORIO, Managing Director, Compaiiia Arrendataria 
del Monopolio de Petréleos S.A., Madrid. 


Don ANTONIO L. Grosso, Director, Compaiiia Maritima Frutera, Cadiz, 
and Compafiia Euskalduna de Construccién y Reparacién de Buques, 
Bilbao. 


Don MANUEL GuBERN, Managing Director, Centro de Navieros Asegura- 
dores, Barcelona. 


Don Luis Hermipa, Vice-Chairman, Comisariado Espafiol Maritimo and 
Managing Director of La Union y El Fénix Espafiol, Madrid. 


Don Francisco Martin, Sub.-Director, Sociedad Espafiola de Construc- 
cién Naval, Madrid. 


Don AuGusTto MIRANDA, Managing Director, Sociedad Espafiola de 
Construccién Naval, Madrid. 
Don JosE Pazo RopriGuez, Director, Compafiia Trasatlantica, Madrid. 


Don Jesus MARIA ROTAECHE, Chairman, Empresa Nacional Bazan, 
Madrid. 
Don ManueL Soto, Vice-Chairman, Compafiia Trasmediterranea and 
Technical Director, Unidn Naval de Levante, Madrid. 
Don Luts YBARRA, Managing Director, Ybarra y Compafiia, Seville. 


Don ALEJANDRO ZUBIZARRETA, Chairman, Naviera Bilbaina S.A.; Naviera 
de Exportacion Agricola S.A.; and Naviera Vascongada; also 
Director, Compafiia Naviera Aznar. 


Calle de la Princesa 29, Madrid. 


SWEDISH COMMITTEE 


K. R. BOKMAN, C.B.E., Chairman 


EMANUEL HéaGBERG, Vice-Chairman 


K, R. BOKMAN, c.B.E., Managing Director, Rederiaktiebolaget Svenska 
Lloyd, Gothenburg. 


Dan-AxEL Brostr6M, Managing Director, A/B Svenska Ostasiatiska 
Kompaniet, Angf. A/B Tirfing, Gothenburg. 


SvEN Brusewitz, Managing Director, Shipping Dept., Trafik A.-B. 
Grangesberg-Oxelésund, Stockholm. 


PER CARLSSON, Managing Director, Rederiaktiebolaget Transatlantic and 
Rederiaktiebolaget Transocean, Gothenburg. 


St1G GorTHON, Managing Director, Rederi A/B Gefion and Rederi A/B 
Gylfe, Helsingborg. 

PER GYLLENHAMMAR, Managing Director, Férsakringsaktiebolaget Ocean, 
Sveriges Allmanna Sjéférsikrings A.-B., Gothenburg. 


Erik HAGGstr6m, Managing Director, Eriksbergs Mek. Verkstads Aktie- 
bolag, Gothenburg. 


EMANUEL H6GBERG, Managing Director, Stockholms Rederiaktiebolaget 
Svea, Stockholm and Chairman, A.-B. Finnboda Varf, Stockholm. 


Nits Hotmstr6M, Managing Director, Kockums Mekaniska Verkstads, 
A.-B., Malmé. 


AXEL Ax: SON JOHNSON, Managing Director, Rederiaktiebolaget Nordst- 
jernan, Stockholm, and Chairman of the Board, Avesta Jernverks 
Aktiebolag, Avesta. 


Erik Larsson, Managing Director, Aktiebolaget Transmarin, Helsingborg 
HILDING NIELSEN, Managing Director, A.-B. Gétaverken, Gothenburg. 


ROLF S6RMAN, Chairman, Rederiaktiebolaget Transoil, Rederiaktiebolaget 
Tankoil and Rederiaktiebolaget Troiltank, Gothenburg. 

SIXTEN WOHLFAHRT, Managing Director, Domnarfvets Jernverk 
Domnarvet. 


Cari Erik AHMANSSON, Managing Director, Sveriges Angfartygs Assur- 
ansférening, Gothenburg. 


Jarntorget, 3,!Gothenburg, C. 
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Lyttelton ... 545 
Madras 543 
Madrid 537 
MALAYA 544 
Malmé 538 
MALTA . 536 
Manchester 531 
Manila 543 
Mannheim 535 
Marseilles 534 
Melbourne 545 
Miami... 539 
Middlesbrough - 531 
Milan Ee oo 536 
Milford Haven ... 532 
Mo I Rana 537 
Mobile 539 
Mombasa 542 
Montevideo 540 
Montreal 541 
Nagasaki 544 
Nantes 534 
Naples 536 
Narvik 537 
Nassau, Bahamas. 540 
NETHERLANDS ANTILLES 540 
New Orleans... 539 
New York aes 539 
NEW ZEALAND 545 
Newcastle, N.S.W. 545 
Newcastle upon Tyne ... 532 
Newport, Mon. ... 532 
Newport News ... 539 


NIGERIA 


— 542 
542-544 


NORTH AFRICA 
NORTHERN IRELAND 
NORWAY 

Nottingham 

Oslo 


PAKISTAN 
Palermo ... 
PANAMA, C. Ze 
Paris a 
Penang ... 
Philadelphia 
Pireus... 
Pittsburgh 
Plymouth 

LAND Pa 
Port Arthur, Ont. neg 
Port of Spain, Trinidad 
Port Said a 
Portland, Or. 
PORTUGAL 


Quebec 


Rangoon.. 
Reykjavik — 

Rijeka Fas 
Rio de Janeiro ... 
Rotterdam 

Rouen 


Saarbriicken-Saar 
Saint John, N.B. 
St. John’s, Nfl. ... 
San Francisco 
Santos 
Scunthorpe 
Seattle... 
Sheffield ... 
Shimonoseki 
SINGAPORE 
Sourabaya 
SOUTH AFRICA 
SOUTH AMERICA 
Southampton 
SPAIN .... 

Split Kas 
Stockholm 

Suez aat 
Sunderland 
Swansea ... 
SWEDEN 
SWITZERLAND 
Sydney, N.S.W. . 
Talcahuano 
Taranto ... 
THAILAND 

THE PHILIPPINES 
Thorshayn ~ 
Toronto ... 
Trieste 
TRINIDAD 
TUNISIA 
TURKEY 


UNITED arorin REUREC. 


UNITED STATES 
URUGUAY 


Valencia ... 
Valenciennes 
Valparaiso 
Vancouver 
VENEZUELA 
Venice... 
Vereeniging 
Victoria, B.C. 
Vienna 

Vigo ann 
Visakhapatnam pad 


Wellington 
WEST INDIES 


Whyalla ... 
Winterthur 


Yokohama ane 
YUGOSLAVIA ... 


HEADQUARTERS 


Telephone: Telegrams: 
ROYAL 9166 COMMITTEE LONDON TELEX 
71, FENCHURCH STREET, LONDON, E.C.3 TeLex No. 24305 


ADMINISTRATIVE STAFF 


SECRETARY AND CHIEF EXECUTIVE 
W. J. FERGUSON, M.Eng. 


DEPUTY SECRETARY 
R. B. NANCARROW, F.A.C.C.A. 


CLERK TO THE CLASSIFICATION COMMITTEE i ACCOUNTANT 


R. N. Coox . J. T. HUXSTER, A.A.C.C.A., A.C.LS. 
H. W. Martin (Deputy) 


EDITOR OF PUBLICATIONS ASSISTANT SECRETARIES MANAGER OF PRINTING HOUSE 


A. W. E. Happé, F.R.S.A. J. C. Stevens (Personnel) R. E. J. BouLDEN 
N. W. Betts (Services) 


SURVEYING STAFF 


CHIEF SHIP SURVEYOR CHIEF ENGINEER SURVEYOR 
J. M. MuRRAY, M.B.E., B.Sc. H. N. PEMBERTON 
Deputy Chief Ship Surveyor ... ... J. TURNBULL, O.B.E. Assistant Chief Engineer Surveyors... G. M. SELLAR, B.Sc. 
‘ E. Crosstey (see Land Division) 
Assistant Chief Ship Surveyors... G. BUCHANAN, B.Sc. nee J. MCAFEE 
Principal Surveyors ... ae ... H. B. SiGGERs 


J. A. MAVOR, O.B.E. 
S. ARCHER, M.Sc. 


G. P. SMEDLEY, B.Eng., B.Met. 


Principal Surveyors ... oa ..- D. TurRNER (Engineering and Metallurgical Research) 
J. IRWIN D. Gray, B.Sc. (Electrical) 
W. MAcMILLAN T. TELFER, B.Sc. (Refrigeration) 
J.B. DAvigs, B.Sc. * J. H. MILTON 
/ 
Principal Surveyor for Metals ... 7. W. BusHELL 
Technical Records Officer... ... G. M. Boyp 
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Ship Surveyors 


HEADQUARTERS—continued 


MARINE 


Engineer Surveyors 


A. C. Hunter, B.Sc. D. P. Russell H. R. Clayton R. W. Abraham 
T. R. Mcllvenna ~ L. Beckwith J. Liddell, B.sc. L. Teasdale 
J. H. Allan A. J. Rogan, B.Sc. B. Hildrew, M.Sc. (Research) R. J. Hook 
C. Lloyd Roberts J. F. K. Tobin, B.se. Cc. Chartan, B.Sc. R. H. Curry, B.se 
A. Reid, B.Sc. A, Bruce R. C. Hutchinson J. F. G. Munro 
E. Wake W. S. Richardson, B.Sc. A. E. Toms, B.Sc. (Research) S. G. Pratt 
C. D. Sneddon, B.8c. — A. G. Kershaw, B.Sc. C. Beason P. Fedoroff 
R. S. Piddington H. Cameron A. J. Quayle R. M. Hobson 
J. M. Barnett A. D. Sutherland, B.eng. C. Dearden J. Crawford 
F. S. J. McKinlay A. Bell, B.Sc. G. S. Pidd, B.kng. (for special duties) J. G. Leiper 
J. McCallum, B.Sc. W. H. Marsden B. K. Batten, m.sc. (Research) P. F. C. Horne, B.sc. 
J. M. Miller A. Batson S. Sumner H. S. Crawford 
R. B. Wilmshurst, M.c. A. McInnes F 
O. M. Clemmetsen, B.Sc. I. R. McNab 
A. B. McNidder L. J. Brinton 
A. M. oe K. J. Fryer 
R. Fresco-Corbu, B.Sc. - T. A. Lamplough, B.sc. i i Scati 
Ti ene ER Theobald spite Investigation Department 
W. F. Stoot, M.Sc. A. Findlay, B.Sc. N. M. Kissell A. R. Hinson 
M. Merrett, B.Sc. G. C. Fiddes A. Cogman D. Rennie 
T. EB Darby, B.Sc. A. H. Poustie W. Blacklock C. Campbell 
S. A. Eide, Jr., B.Sc. J. H. C. Robertson, B.sc. T. F. Brock, B.sc. J. Hicks 
C. Buchanan I. Ramsay 
L. O. Jonker D. C. Girvan 
D. Haffner R. F. Bisley Surveyors for Refrigeration 
T. Sullivan C. A. Philippou, 5.86. P. S. Moore H. C. G. Weller 
R. Gray, B.Sc. A. W. Crook poses 
J. W. Barron J. Leather EG: Hickling R. R. Ginn 
oS) F. G. Burn V. H. Larsen 
Ship and Engineer Surveyors sigs EAI DENSTOEE A. P. Hard 
T. D. Shilston J. Guthrie ear Sb ee 
7 Rundle J. de Wolf F. B. Mort R. E. C. Macnair 
H. C. Rogers, M.A. L. J. Coslett 
E. L. Knowles R. Lee 
G. T. B. Scullard J. B. Baillie 
ee Surveyors for Metals 
R. Liston, B.Sc. C. Scholey 
A. L. Jemmett (temporarily attached) R. E. Lismer 
LAND DIVISION 
NORFOLK HOUSE, CROYDON, SURREY 
Telephone No.: cid easiness Telegrams: REGLAND, CROYDON 
ines) 
Managing Engineer ... E. CRrossLey 
Assistant Managing Engineers E. R. HALL, B.Sc. 
J. C. HERRIOT 
N. McLeop, M.Sc. 
Engineer Surveyors 
J. Stevenson H. F. Ablitt (Resident at Bradwell) G. C. Franklin G. Blofeld 
(Ship and Engineer Surveyor) J. H. Smyth (Resident at Kuwait) N. Williams 
F. B. Bowring, M.A. E. G. Webb D. Stewart (Resident at Dounreay) A. Sanders 
P. McKechnie J. McClymont J. R. Lang (Resident at Aden) F. Holman 
(temporarily attached (Resident at Windscale) A. Montgomery 


to the Milan office) G. McFarlane K. Gregan (Resident at Kuwait) (Resident at Berkeley Site) 
F. H. McD. Wilson 


(Resident at Latina Site) A. Cumming 


1: 

R. 

Ww. 

W. 

A. Edwards W. 
L. Y. Lynes (Resident at Kirkuk) J. 
D. 

N. 

Le 

B. 

M. 


(Resident at Chapelcross) B. Gadsden R. Thompson (Resident at Hunterston Site) 
R. Henderson (Resident at Berkeley Site) E. K. Sargison, B.Sc. E. Sigournay, B.Sc. 
A. C. Dearden, B.Sc. J. Shaw J. Williams MacLeod (Resident at Windscale) 
P. H. W. Evans G. Codd (Resident at Hunterston) N. P. White A. Butterfield 
(Ship and Engineer Surveyor) P. W. Dean (Resident at Kirkuk) J. B. Cowan (Resident at Harwell) M. Innes 
J. M. Carson M. R. Chapman G. H. Antieul J. F. Giddings 


J. A. Frew, B.Sc. 


Principal Electrical Engineer Surveyor J. A. JAFFREY, M.Sc. 


Electrical Engineer Surveyors 
R. P. Storie 
R. Baldwin 


B. Crossland, B.Sc. 
C. F. Liddell 
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SURVEYORS—GREAT BRITAIN AND NORTHERN IRELAND 


THe SURVEYORS AT THE FOLLOWING PORTS EXCEPTING IN THE CASE MARKED *, ARE EXCLUSIVELY THe OFFICERS 


OF THE SOCIETY AND ARE NOT PERMITTED TO ENGAGE IN ANY OTHER BUSINESS OR BMPLOYMENT WHATSOEVER 


ABERDEEN, with Banff, Peterhead, Fraserburgh and Orkney Islands 


Office: 28, Guild Street, 3rd Floor, Aberdeen 

Telephone No. 20141 Telegrams: Lloyds Register, Aberdeen 
Ship and Engineer Surveyor... J. Dobbie, pD.s.c. 

Ship Surveyor G. Smart 


BRISTOL, with Gloucester, Bridgwater and Sharpness 


Office: Royal London House, Queen Charlotte Street, Bristol 


Telephone No. 23578 Telegrams: Lloyds Register, Bristol 


J. B. Goodier 
R. D. Sutherst 
P. Betteridge 


Ship and Engineer Surveyors 


BARROW, with Heysham, Ulverston, Kendal, Whitehaven, Workington, Maryport, 


Carlisle and Silloth 
Office: Ramsden Square, Barrow 


Telephone No. 441 Telegrams: Lloyds Register, Barrow 


Ship Surveyor G. Campbell 
Ship and Engineer Surveyor... J. E. Martin 
Engineer Surveyor D. C. Wood 


BARRY (see CARDIFF) 


BELFAST, with all ports in Northern Ireland 
Office: 5, Fountain Lane, Donegall Place, Belfast 


Telephone No, 22103 Telegrams: Lloydreg, Belfast 


Principal Surveyor H. C. Murray 
Ship Surveyors A. S. Fletcher 
K. Davison 
W. Alcorn 
J. Nugent 
Ship and Engineer Surveyors A. Daintith 


T. Dickerson 
D. O. Carmichael 


J. H. Smith 
R. I. Murchison, B.sc. 


Engineer Surveyor 


Electrical Engineer & Engineer Surveyor ... 


BIRMINGHAM, with Stafford and Burton-on-Trent on the North; Hereford, 
Cheltenham and Banbury on the South; Corby and Market Harborough 


Office: 33-9, Newhall Street, Birmingham, 3 


Telephone No, Central 4579 Telegrams: Lloydreg, Birmingham 


Ship and Engineer Surveyor... L. D. Trenchard 


Engineer Surveyors 


A. F. Fox H. N. Bailey 

T. Grieve H. E. Brown 

F. Wilson K. O. H. Williams 

D. A. Locke G. M. MacDonald 

W. Little J. M. D. Bickerton 

J. H. Ashcroft G. W. H. Collins 
Electrical Engineer Surveyors R. M. Hills 


J. Isherwood 


Surveyor for Metals ... A. A. Strathearn 


Surveyor of Forgings and Castings... N. B. Buck 
Surveyors for Steel Inspection 
N. A. Robinson S. H. Roe 
L. A. Smith W. M. Short 
G. H. H. Peplow W. H. Baker 
A. C. Martin 
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CARDIFF, with Barry, Newport and Penarth 
Office: Salvage Association Buildings, Clarence Road, Cardiff 


Telephone Nos. Cardiff 32481 and 32482 Telegrams: Register, Cardiff 


Principal Surveyor for the img Channel 
Ports es ormald, B.Sc. 
. Naylor 
. Pritchard 
. P. Douglas 
. Cant 


Ship and Engineer Surveyors 


“Zin < < 


Ship Surveyors 


Surveyor for Steel Inspection 


DARTMOUTH (see PLymMouTH) 
DOVER (see LoNDoN) 


DUNDEE, with Arbroath, Montrose and Perth 
Office: 19 & 20, Prudential Buildings, Albert Square, Dundee 


Telephone No. 2394 Telegrams: Lloyds Register, Dundee 


Ship Surveyor J. H. Tait 


FALMOUTH, with all ports on the coast between Looe and Padstow, including 
Fowey, Par, Helston, Porthleven, Penzance, St. Ives, Hayle, Portreath 
and Newquay; also the Scilly Islands 


Office: Town Quay Chambers, Arwenack Street, Falmouth 


Telephone No. 32 Telegrams: Lloyds Register, Falmouth 


Ship and Engineer Surveyor C. Moffatt 
Engineer Surveyor T. L. Palmer 
Ship Surveyors H. Berry 

K. A Adamson 


FLEETWOOD (see LiverPooL) 
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GLASGOW, with the North Bank of the Clyde from Dumbarton; Renfrew, Paisley, 
Ports on the Coast from Largs to Stranraer, also Annan, Oban, Alloa, 


Grangemouth and Bo'ness 


Office: 95, Bothwell Street, Glasgow, C.2 
Telephone No. Central 6491—4 lines 


Telegrams: Register, Glasgow, Telex. 


Telex No, 77530 


Principal Engineer Surveyor for Scotland... 
Principal Ship Surveyor for Scotland 


Principal Surveyor ae. sao Division Duties 
in Scotland , os a sh 


Principal Surveyor for Ship Plans ... 


Ship Surveyors 
D. S. Forsyth 
R. N. Hunter 
Piz Lg Jenkins 
Edgar 
a ce 
. T. Deuchars | 
. T. Burns 
. G. Lockhart 
. R. D. Saxton 
. S. Fatkin 
. C. Brown 
. J. P. Crawford 
. B. Taylor 
F. H. Atkinson 


Ship and Engineer Surveyors . 
G. H. Macdonald, B.sc. 
D. Currie 
H. Waugh 
J. Macleod 


gp gar ale 


Engineer Surveyors 
T. H. Smeaton 
L. C. Webb (Surveyor for Refrigeration) 
W. A. McLure 
R. Morrison 
A. B. Sinclair | 
W. Paterson 
J. Gemmell 
W. J. Russ 
D. S. Pike 


Electrical Engineer Surveyors 
H. G. Findlay 
A. C. Bailey, B.sc. 


Surveyor for Metals... 


Surveyors of Forgings and Castings 


Surveyors for Steel Inspection 

F. Campbell 

A. Ligertwood 

T. H. Dodsworth 

A. O. Davies 

T. T. Scott 

H. S. Jamieson 

P. Livingstone 

J. M. Hill 

J. McKeown 

G. Muirhead (Resident at Hunterston 
Site) 

R J. Bunting 

J. W. Emerson 

D. Ord 

T. Dobbie 


G. J. Thomas 
A. Hislop 


J. N. Buchanan, B.se. 


S. W. Bolwell, M.Eng. 


. M. Cameron 
ape Macdonald 
nase B 
or 


” Drysdale 
. I. Mathewson 
. Fullerton 
. S. McIntosh 
. E. I. Deighan 
. C. Viner, B.Sc. 
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J.C. Murray 

A. Campbell, B.sc. 
J. B. Smail 

R. M. Nicholson 


J. Dick 

P. Brodie 

W. Mackay 
J. Pender 

J. Grimshaw 
S. Dinnen 
G. Boyter 

D. McKinlay 


R. G. G. Hobbs 
F. P. Crum 


W. I. Horton 
J. D. Drever 


“K. W. Fox 


T. C. Morris 


Wz Macfarlane 
. Mories 

. Thomson 

S Keir 
. W. Heron 
.M. 
. M. 


nih, 


Stuart © 
Dustan 
onald 
. Marshall 
. Sheddon 
. P. Haggarty 
. K. Clark 


PSUS M NOR SN OSE 
. ones 


GREENOCK AND PORT GLASGOW, with Campbeltown and Rothesay 


Office: Commercial Bank Buildings, 14, Cross-shore Street, Greenock 


Telephone No. 20295 Telegrams: Lloyds Register, Greenock 


Principal Surveyor ... H. McQueen, M.B.E. 


Ship Surveyors 


A. P. Moore W. F. Fearns 
J. N.S. Russell J. S. Shand, B.Sc. 
H. A. Ivers G. F. Jackson 
Ship and Engineer Surveyor... ee ... W. P. Watson 
Engineer Surveyors ... H. K. Taylor 
W. F. Lee 


GRIMSBY AND BOSTON, with Immingham 


Office: Bank Chambers, 2, Freeman Street, Grimsby 
Telephone No. 3156 Telegrams: Lloyds Register, Grimsby 


Principal Surveyor re the Hull and 5 in 


Districts A. W. B. Edwards 


(Resident at Hull) 
Ship and Engineer Surveyor... N. C. Juniper 


Engineer Surveyor A. Thompson 


HARTLEPOOL AND WEST HARTLEPOOL, with Graythorp 
Office: 47, Church Street, West Hartlepool 
Telephone No. West Hartlepool 2432 Telegrams: Lloyds Register, West Hartlepool 


Principal Surveyor for the Mates 


and Hartlepool Districts ... A. E. Heap, B.£: 


-Eng. 
(Resident at Middlesbrough) 


Principal Engineer ead cee the North 


East Coast Area ... R. Shaw 


(Resident at Newcastle-on-Tyne) 


W. A. Robinson 
R. R. Bolton 

T. E. Larmont 

G. C. Shakespeare 


Ship Surveyor 
Ship and Engineer Surveyor... 
Engineer Surveyor 


Surveyor for Steel Inspection 


HULL, oe Bridlington, Beverley, Hessle, Goole, Thorne, New Holland and 
eloy 


Office: Festival House, 93, Jameson Street, Hull 
Telephone No. 36873—2 lines Telegrams: Lloyds Register, Hull 


Principal Surveyor a the Hull rm ge! iad 


Districts A. W. B. Edwards 


F. N. Sutcliffe 
L. W. Hornshaw 
D. Vincent 

R. H. Banks 


Ship and Engineer Surveyors 


F. Y. Whitham 
J. McKeon 
B. B. Maddocks 


J. G. Lumley, M.8.£. 
T. F. Naisby 
W. Lind 


Engineer Surveyors ... 


Ship Surveyors 


Also attached for duties at SCUNTHORPE 


Office: c/o Testing Department, Appleby-Frodingham Steel Co., 


Scunthorpe 
Telephone No. Scunthorpe 4741 


Surveyors for Steel Inspection 


Ooms 
a! 
ea 
5 
5 
2g. 


IPSWICH (see Lonpon) 
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LEEDS, with Skipton, Keighley, Shipley, Bradford, Halifax, Batley, Huddersfield, 
Elland, Brighouse, Wakefield and Knottingley 


Office: 5/7, New York Road, Leeds, 2 


Telephone No. 23666 
Ship and Engineer Surveyor... 


Engineer Surveyors 


F. L. Graham 
A. T. Robertson 


J. P. Gateley 


E. Whitehouse 
J. Hall 


LEITH, and ports in the Firth of Forth, with Berwick-upon-Tweed 
Office: Royal Bank Buildings, 28, Constitution Street, Leith, Edinburgh, 6 


Telephone No. 35506 


Ship and Engineer Surveyors 


Engineer Surveyors 


Ship Surveyors 


Surveyor of Forgings and Castings ... 


Telegrams: Lloyds Register, Leith 


A. W. Oxford 
T. Donaldson 


G. Rundle 
R. E. Huggan 


D. B. Cook 
D. B. Henderson 


W. Currie 


LIVERPOOL, with all ports from Lancaster to Portmadoc and Barmouth; the 
Isle of Anglesey and the Isle of Man; Manchester Ship Canal from 
Runcorn to Eastham; also Wrexham, Northwich, Wigan, St. Helens 


and Chorley 


Office: Reliance House, 20, Water Street, Liverpool, 2 


Telephone No. Central 8891-5 lines 
Principal Surveyor 


Ship Surveyors 


T. B. Tillery 
T. J. Roberts 
A. Jameson 
A. A. Orrock 


Ship and Engineer Surveyors 


C. R. Maplestone 
J. Bowman 
J. White 


Engineer Surveyors 


J. Findlay 
P. H. Ferri 


Electrical Engineer Surveyor 


Telegrams: Register, Liverpool 


A. T. S. Sheffer 


. Owen 
d 


. Ferrington 


A. W. Leggat 


(Surveyor for Refrigeration) 


Lloyd 
N. Stephenson 


D. McColville 
C. A. W. Rennie 


W. Fennell 


Sub-Office at FLEETWOOD, with Preston, Glasson Dock and Lytham 
Address: Fish Trade Building, Wyre Dock, Fleetwood 


Telephone No. 3730 


Ship and Engineer Surveyor... 


Telegrams: Lloyds Register, Fleetwood 


I. A. McIntyre 


LONDON, with Peterborough, Bedford, Cambridge, Reading, Slough, Shoreham, 
Newhaven, Rye, Dover, Deal, Ramsgate and Margate 


Office: Barclay’s Bank Chambers, 1, Minories, E.C.3 
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Telephone Nos. ROYal 3801, 3802, 3803 


Principal Surveyor 


Ship and Engineer Surveyors 


J. L. Smith 
B. O. Gibbs 
W. A. Allan 
R. J. Dunn 


Telegrams: Committee, London, Telex 
Telex No. 24305 


T. A. Orde 


J. C. Bentley, M.B.£. 
K. G. Kirby 
I. Barnicoat 
E. D. Cook 


Engineer Surveyors 


N. W. Thomas W. Waddle 
A. C. Widgery (Resident at Peterborough) 
W. A. Rankin A. T. Mitchell 
J. H. Gilbert, m.v.o. P. J. Bryant 
D. G. Hayward A. Bunting 
J. C. Harrison J. C. Edwards 
A. D. Hodgson N. Dienes 
E. J. Jones J. W. Wright 
H. Ellis T. E. Draggett 
(Surveyor for Refrigeration) S. Bailey 
A. S. Cameron 
Electrical Engineer Surveyors F. H. Tickell 
L. J. S. Read 
Ship Surveyors 
J. Todd R. A. Jeffery 
J. H. Greenhalgh L. B. Morris 
S. P. Rooke 


Sub-Office at IPSWICH, with Kings Lynn, Norwich, Lowestoft, Yarmouth and 


Colchester 


Address: 10, Commerce Chambers, High Street, Ipswich 
Telephone No. Ipswich 52518 


Ship and Engineer Surveyors ae ... R. Potts 


G. J. Talbot 
(Resident at Lowestoft) 
J. Porteous 


MANCHESTER, with Latchford, Stoke, Oldham, Blackburn and intervening 


district 
Office: 275, Chapel Street, Salford 3, Manchester 
Telephone No. Deansgate 8541-2-3 Telegrams: Lloydreg, Manchester 


H. G. L. Pilditch 
L. V. Hauser, M.B.E., D.S.M. 


Ship and Engineer Surveyors 


D. C. Fletcher 
Engineer Surveyors 
R. J. Yorston D. Haddock 
A. H. Duckworth J. Wood 
E. J. Stoddart J. W. Coulthard, D.s.c. 
Ship Surveyor J. C. Struthers 


Electrical Engineer Surveyor R. C. Clayton 


MIDDLESBROUGH, with Darlington, Stockton, Redcar, Whitby and 


Scarborough 


Office: Lloyds Bank Chambers, Albert Road, Middlesbrough 
Telephone No. 43431/2 Telegrams: Lloyds Register, Middlesbrough 


Principal Surveyor for the iemeiuatiis- ss 


and Hartlepool Districts ... A. E. Heap, B.Eng. 


Principal Engineer “abies —o the North 
East Coast Area ... R. Shaw 


(Resident at Newcastle upon Tyne) 


Ship Surveyors 


A. P. Scott T. S. Turpie 
J. D. Rufus A. Watson 
Ship and Engineer Surveyor... M. Caldwell 


D. K. Lynn, B.sc. 
C. L. Swinbanks 
W. E. G. Holibar 


J. E. Silcox 
E. R. Best 


Engineer Surveyors ... 


Electrical Engineer Surveyor 
Surveyor for Metals... 


Surveyors for Steel Inspection 


B. Williams R. Weatherstone 
J. S. Helyer E. C. Chambers 
F. F. Peacock W. Sargeant 
R. N. Picken N. D. Tosh 


S. T. Llewellyn 


MILFORD HAVEN, with Pembroke and Tenby, and a district extending as far 


as New Quay, inclusive 


Address: Jubilee Buildings, Milford Haven 
Telegrams: Lloyds Register, Milford Haven 


Telephone No. 296 


Ship and Engineer Surveyor... 


N. A. Johnstone 


NEWCASTLE UPON TYNE, with surrounding district: Alston, Carlisle, the 
River Tyne and all Ports in Northumberland 


Office: Collingwood Buildings, Collingwood Street, Newcastle upon Tyne 


Telephone No. 21391—3 lines 


Principal Surveyor 


Principal Engineer "hited La the North 


East Coast Area ... 


Ship Surveyors 


G. G. Young 

J. L. Roberts 

J. M. Scully 

H. C. Young 

N. F. H. Duncan 
J. Ballantine 

J. H. Johnson 

J. McEachern 

H. B. McQueen 


Ship and Engineer Surveyors 


C. R. Rowcliffe 
A. E. Munro, 0.B.£. 
C. Bell, B.Sc. 


Engineer Surveyors 


T. P. Gibbeson 
F. Southern 

J. W. Walker 
D. A. Taylor 
W. H. Scurr 


Electrical Engineer Surveyors 


Surveyors for Steel Inspection 


Telegrams: Register, Newcastle upon Tyne 


H. P. Urwin 


R. Shaw 


J. R. Crone 
M. Donaidson 
G. J. Boulter 
T. Winthrope 
J. A. Rigg 

J. Dobson 

W. E. Blair 
L. Todd 

S. Sanderson 


W. Nicholson 
J. N. Jarvie 
T. J. McGinness 


C. E. Dielman 
F. Liddle 
W. R. Low 


NEWPORT, MON., and Lydney (see under CARDIFF) 


NOTTINGHAM, with Lincoln, Newark, Derby, Loughborough, Leicester and 


Mansfield 


Office: Westminster Building, Theatre Square, Nottingham 


Telephone No. 41176 
Ship and Engineer Surveyor... 


Engineer Surveyors ..: 


Surveyor for Steel Inspection 


Telegrams: Lloydreg, Nottingham 
T. D. Scott 


J. B. Taylor 
J. H. Davies 
R. R. Middleton 


W.- Thorburn 


PLYMOUTH, with all ports in the County of Devon 
Office: 2, Danby Lodge, Lincombe Drive, Torquay 


Telephone No. Torquay 4193 
Ship and Engineer Surveyor... 


Telegrams: 


*D. L. H. Collinson 


SCUNTHORPE (see under HULL) 


SHEFFIELD, with Chesterfield, Gainsborough, Barnsley and Penistone 


Office: 24, High Court, High Street, Sheffield, 1 
Telephone Nos. 21305/6 
Ship and Engineer Surveyor... H. V. Campbell 


Engineer Surveyors 


A. Beaumont A. Kilpatrick 
H. S. Humble Y. Arakie - 
J. Haddock 
Surveyor of Forgings and Castings... E. W. Priest 
Surveyors for Steel Inspection R. Brown 
H. McNallen 


SOUTHAMPTON, and South Coast from Littlehampton to Bridport, inclusive, 


also the Isle of Wight and the Channel Islands 


Office: Royal Mail House, Terminus Terrace, Southampton 
Telephone No. 20353 Telegrams: Register, Southampton 


Principal Surveyor J. F. Nicholas 
Ship and Engineer Surveyors A. G. Pemberton 
J. F. James 
Engineer Surveyors ... W. Armstrong 
, P. J. Beaman 

Ship Surveyors 

E. M. Hart W. L. Hobbs 

T. I. Bell A. A. Pringle 

J. S. Saunders A. G. Harvey 


SUNDERLAND, with Seaham Harbour and Wolsingham 


Office: 55, Fawcett Street, Sunderland 


Telephone No. 4093—2 lines Telegrams: Register, Sunderland 


Principal Surveyor H. L. Walker 
Principal Engineer Surveyor ior the North 
East Coast Area ... - a ... R. Shaw 


(Resident at Newcastle upon Tyne) 


Ship Surveyors 


J. L. Rennie W. D. Johnston 
T. L. Dixon S. C. W. Gresham 
T. Nell J. R. Wright 
Ship and Engineer Surveyor... R. W. Skinner 
Engineer Surveyors ... F. B. Gray 
F. Bottomley 
Electrical Engineer Surveyor H. Haffner 
Surveyors of Forgings and Castings A. E. B. Galliford 
J. Mumberson 


SWANSEA, with Llanelly, Neath and Port Talbot 


Office: Exchange Buildings, Adelaide Street, Swansea 


Telephone No. 53860 Telegrams: Lloyds Register, Swansea 


Ship and Engineer Surveyors F. R. Dale, B.sc. 
P. Mason 
Surveyor for Steel Inspection L. S. Horton 


IRISH REPUBLIC 


DUBLIN, with all ports in the Irish Republic 


Office: 30, George’s Quay, Dublin 
Telephone No. 78048 


Ship and Engineer Surveyor... 


W. H. Waggott 
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SURVEYORS—PORTS ABROAD 
EUROPE 


THe SURVEYORS AT THE FOLLOWING PORTS, EXCEPTING IN THE CASES MARKED *, ARE EXCLUSIVELY tHe OFFICERS 


or THE SOCIETY, 


AUSTRIA 
VIENNA 


Office: Opernring | (6th Floor), Vienna 1 


Telephone No. 57.26.81 Telegrams: Surveyors, Vienna 


Surveyor for Metals ... Dr. J. Stich 
Engineer Surveyor J. Hagel 
Electrical Engineer Surveyor R. Czerny 


Surveyor for Steel Inspection Dipl. Ing. F. K. Riedl] 


BELGIUM 


ANTWERP, including all places in Belgium, the Grand Duchy of Luxembourg 
and the Dutch port of Terneuzen 


Office: Mersey House, 1, Quai de Rouen, Antwerp : 
Telephone Nos. 33.86.32 and 33.86.33 Telegrams: Register, Antwerp 
Telex No. 3487 


Principal Surveyor for Belgium R. Lascelles 


Ship Surveyors A. van Haesendonck 


R. Parker 
J. Coates 
Ship and Engineer Surveyors 
G. A. Valckeneers M. L. Joos 
(Senior Engineer Surveyor for Belgium) N. Williams 
R. Rodger J. M. O. Forbes 
J. Howarth 


Engineer Surveyors 


G. J. J. Zelis 


A. J. Vleugels 
J. J. C. E. Lannoy 


Surveyor of Forgings and Castings... D. F. Preston 


F. Hulley 
P. H. Sahlender 


Surveyors for Steel Inspection 


DENMARK 


sain ives with ports on the Danish Islands and ports in Jutland south of 
Arhus 


Office: Store Kongensgade 49, Copenhagen K 


Telephone Nos. Minerva 4015, 4016 and 4017 Telegrams: Engineer, Copenhagen 


Principal Surveyor for Denmark W. D. Lydersen, B.Sc. 


Ship Surveyors 


S. Sandersen S. A. Hansen 

B. H. Larsen, B.Sc. B. Rasmussen 

M. B. Christiansen G. K. F. Kabell 
Ship and Engineer Surveyor... C. S. Newton 
Engineer Surveyors 

O. C. Larsen E. Dalgaard 

K. O. Larsen H. V. Larsen 

V. I. Holm-Kristensen S. Dinsen 


AND ARE NOT PERMITTED TO ENGAGE IN ANY OTHER BUSINESS OR EMPLOYMENT WHATSOEVER 


AALBORG, with a district including Arhus and ports in Jutland north of Arhus 


Office: Boulevarden 23, Aalborg 


Telephone No. 29122 Telegrams: Engineer, Aalborg 


G. N. Severin 
N. M. Nielsen 


Engineer Surveyors ... 


FAROE ISLANDS 
THORSHAVN 


Office: 35, Jonas Broncks géta, Post Box 90, Thorshavn, Faroe Islands 


Telephone No. 1539 Telegrams: Autoverksted, Thorshavn 


Ship and Engineer Surveyor... *Vilhelm Nielsen 


FINLAND 


ABO, with a district including Mantyluoto Rauma and Nystad to the north, and 
Dalsbruk to the south-east 


Office: Slottsgatan 9, Abo, Finland 
Telephone No. 27451 Telegrams: Lloydsreg, Abo 
D. S. Elliott 


A. Lindqvist 


Ship and Engineer Surveyor... 
Ship Surveyor 


HELSINGFORS (Helsinki), including ports in Finland except those covered by 
the Abo office 


Office: Museigatan 15, Helsingfors 


Telephone Nos. 442921 and 446405 Telegrams: Webers, Helsingfors 


*Ake Weber 
W. N. G. McCulloch 


Ship and Engineer Surveyor... ea 


Ship Surveyor 


FRANCE 


PARIS, with a district including Compiegne and Soissons to the north, Gisors to 
the west, Orleans to the south and Sens to the east 


Office: 32, Rue Caumartin, Paris 9 


Telephone No. Opéra 31-29 Telegrams: Lloydsreg, Paris 


E. L. Green 
J. H. Beiger 


Engineer Surveyors ... 


BORDEAUX, with a district from Royan to the frontier of Spain 
Office: 38, Rue du Jardin Public, Bordeaux 
Telephone No. 29.30.13 


Ship and Engineer Surveyor... *R. Fondadouze 
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DUNKIRK, with a district including Gravelines, Calais and Boulogne-sur-Mer 


Office: 15, Rue du Nord, P.O. Box 197, Dunkirk 
Telephone No, 14.09 


Ship and Engineer Surveyor... ... *C, Bolender 


W. Ronald 


(c/o Ateliers et Chantiers de France, | 
Dunkirk) Telephone No. 760 | 


Ship Surveyor 


HAVRE, with Honfleur, Deauville and Trouville 


Office: 7, Rue Pierre Brossolette, Le Havre 


Telephone Nos. 42.42.15 (Office); 
Montivilliers 86 (Private) 


Telegrams: Lloydsreg, Havre 


Ship and Engineer Surveyor... L. S. Sims 


MARSEILLES, with all French ports on the Mediterranean, and a district | 
including Royan, Commentry and Imphy to the north 


Office: 8, Rue de la République, Marseilles 


Telephone No. 20-30-93 Telegrams: Lloydreg, Marseilles 


P. Fondeur 
(Senior Surveyor for Southern 
France) 


D. A. R. Crowley 


Ship and Engineer Surveyors 


Engineer Surveyor R. Fressignaud 


Ship Surveyor J. Boylan 


(Sub-Office at ALGIERS—see page xxxii) 


NANTES, with a district from St. Malo to La Rochelle-Pallice including 
St. Nazaire and Brest ° 


Office: 66, Quai de la Fosse, Nantes 


Telephone No. 73.10.49 Telegrams: Lloydsreg, Nantes 


T. S. Leighton 
A. B. L. Marechause 


Ship and Engineer Surveyors 


W. L. Adamson 


(Resident at Brest) 


Ship Surveyor 


ROUEN, with a district from Le Treport to Granville including Dieppe, Fecamp, 
Caen and Cherbourg ; 


Office: 49, Rue Jeanne d’Arc 


Telephone No, 71.19.39 Telegrams: Lloydreg, Rouen 


Ship and Engineer Surveyor... J. Grandison 


VALENCIENNES, with a district including Northern and Eastern France 
metallurgic areas 


Office: 46, Place d’Armes, Valenciennes 


Telephone No. 46.27.62 Telegrams: Lloydreg, Valenciennes 


Engineer Surveyor H. J. Martin 
Surveyors for Steel Inspection A. W. Hatt 
H. Taylor 


T. S. R. Gordon 


GERMANY 


Principal Surveyor for Germany D. R. Walburn 


(at Hamburg) 


H. MacKechnie 
(at Hamburg) 


Principal Ship Surveyor for Germany 


| HAMBURG, with a district including Liibeck and Travemiinde, the Elbe from 


Brunsbiittelkoog and south to Soltau and Uelzen 


Office: Ménckebergstrasse 27, Hamburg 1 


Telephone No. 33.10.25—5 lines Telegrams: Surveyors, Hamburg 


Telex No, 0214143 


Principal Surveyor for Germany D. R. Walburn 
Principal Ship Surveyor for Germany H. MacKechnie 
Ship and Engineer Surveyors J. W. Bell 


(Senior Surveyor for Land Division 
duties in Germany) 


D. F. Brooke-Smith 
Engineer Surveyors 


W. F. Cordes H. E. Assen 

W. O. R. Dahlmann R. Becker 

R. F. H. Kahler K. H. Fedderwitz 
A. W. Knauer H. Ellerbrock 


J. W. E. Mansfield 
Electrical Engineer Surveyor 
Ship Surveyors 


W. Morris 


D. Lockhart G. K. Schweitzer 
P. Shaw N. T. Bentley 

B. Haar J. Frize 

A. D. Stinson J. Guntzler 

F. W. Ohlzen 


AUGSBURG, with a district extending south to the frontiers and north to Stuttgart 
and Coburg 


Office: Moritzplatz 4, 2nd Floor, Augsburg 


Telephone No. 8656 Telegrams: Surveyors, Augsburg 


Engineer Surveyors 


H. K. Schneider 
G. Haack 


H. Karstaedt 
G. G. C. Fincke 


_ BERLIN, WEST 


Office: 3, Fasanenstrasse, Berlin-Charlottenburg, 2 
Telephone No. 32.62.80 Telegrams: 


Engineer Surveyor ... W. Sehl 


BREMEN, with a district including the Weser, Cuxhaven in the north and Nienburg 
in the south, and west to Oldenburg 
Office: Am Wall 1021v, Bremen 


Telephone Nos. 27649 and 20789 Telegrams: Surveyors, Bremen 


Ship and Engineer Surveyors N. Chambers 
G. R. Matthews 
Engineer Surveyors ... R. F. Munro 


H. G. Ellerbrock 
H. Bornholdt 


Electrical Engineer Surveyor R. C. Bédecker 
Ship Surveyors 

A. Holtz J. H. Blyth 

J. U. Auer P. G. Rose 


COLOGNE (Kiln), with a district extending north to Leverkusen, west to Aachen 
and south to Bad Homburg 


Office: Heumarkt 54, Cologne 
Telephone No. 216882 


Engineer Surveyors ... Dipl. Ing. K. F. H. Bottcher 
H. Drége 

H. F. Liibke 

A. Scheck 

K. Weltken 


Surveyors of Forgings and Castings 
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DORTMUND, with Hérde, Hattingen, Hagen, Witten, Hamm and Soest 


Office: Heiligerweg 3/5, Dortmund 
Telephone Nos. 24294 and 22717 


Engineer Surveyors 


H. Krent G. Nicolaus 

Dipl. Ing. H. Kiessling H. W. Dellwig 
Surveyor for Metals... H. A. Bieg 
Surveyor for Steel Inspection L. Grimberg 


DUSSELDORF, with a district including the Ruhr area (excluding the Dortmund 


district) and extending west to the frontier 


Office: Berliner Allee 61, Diisseldorf 
Telephone No. 20.636 Telegrams: Lloyd’s Register, Berliner Allee 61, Diisseldorf 


Ship and Engineer Surveyors 


Engineer Surveyors 


M. G. C. Sorina Angelini 
W. K. Schénau 
H. C. M. Havemeister 


Surveyor for Metals... 


Surveyor of Forgings, Castings and Steel... 


Surveyors of Forgings and Castings 


W. Schréder 
H. Matysiak 


H. Briiggemann 
J. H. Clugston 


O. Ludwig 

G. Hellpap 

R. H. Christ 

Dr. Ing. H. A. Stiller 


J. Loogen 


W. Friedrichs 
H. Kornely 


EMDEN, with a district including Wilhelmshaven, Papenburg and extending south 


to Nordhorn 


Office: Am Delft 24, Emden 
Telephone No. 3594 


Ship and Engineer Surveyor 


Ship Surveyor 


HANOVER, with 
Braunschweig and Kassel 


Office: Georgstrasse, 40, Hanover 
Telephone No. 20655—2 lines 


Engineer Surveyors 


H. G. Stockfleth 
K. Nagel 


Telegrams: Surveyors, Emden 
G. Maskos 
D. Klingenberg 


a_ district including Osnabriick, Bielefeld, Salzgitter, 


C. P. Sommer 
F. J. Kreuzer 


KIEL, with the Kiel Canal, excluding Brunsbiittelkoog and a district extending 
north to Flensburg and south to Neumiinster 


Office: Holstenbriicke 2, 3rd Floor, Kiel 


Telephone No. 40 191—2 lines 
Ship and Engineer Surveyor . 
Engineer Surveyor 


Ship Surveyors 


Telegrams: Lloyds Register, Kiel 


J. H. Harbottle 
H. F. Dittmann 


E. D. Reese 
T. A. Blagburn 


MANNHEIM, with a district extending north to Wiesbaden and Frankfurt, south 
to Pforzheim, west to the Saar frontier and east to Wiirzburg 


Office: P 7, 16-17 (Sth Floor), Mannheim 


Telephone No, 23128 


Engineer Surveyors ... 


U. A. Schiiller 
K. H. Steinbrecher 
H. M. Walkowiak 


| 


Office: Heinestrasse 9, Saarbriicken 
Telephone No. 65061 


Surveyor of Forgings and Castings... 


GIBRALTAR 


Melilla and Villa Sanjurjo 


Office: Port Office, Waterport, Gibraltar 
Telephone No. 884 


Ship and Engineer Surveyor... 


GREECE 


PIRAUS 


Office: 50a, Odos Notara, Pirzeus 
Telephone No. 40-664 


Ship and Engineer Surveyor... 


Engineer Surveyor 


HOLLAND 


Principal Surveyor for Holland 


SAARBRUCKEN-SAAR, with a district covering all works in the Saar 


R. G. Mathieu 


GIBRALTAR, with a district including Tangier, Ceuta, Tetuan (Rio Martin) 


Telegrams: Engcrom, Gibraltar 


. *W. T. Cromby 


Telegrams: Register, Pireus 
S. Blakeman 
E. F. Reid 


P. H. van der Weel 
(at Rotterdam) 


ROTTERDAM, with all ports south of the line Scheveningen-Leiden-Utrecht- 
Arnhem and including those ports; also Zeeland 


Office: Westersingel 106; Post Office Box No. 701, Rotterdam 


Telephone No. 25355 
Principal Surveyor for Holland 


Ship Surveyors 
W. B. Scheelings 
ir. P. J. N. Jiskoot 
A. Zur Muhlen 
G. J. de Jong 
G. Kamps 
K. van Duffelen 


Ship and Engineer Surveyors 
P. F. Willemse 


(Senior Engineer Surveyor for Holland) 


J. F. Vrouwes 


Engineer Surveyors 
E. M. Dudock 
J. Baart 
H. A. Schippers 
J. G. F. Warris 


Electrical Engineer Surveyors 


Telegrams: Lloydreg, Rotterdam 
P. H. van der Weel 


A. Schreuder 

H. T. G. Steenstra 

C. N. Kruiten 

M. B. van der Moezel 
M. Boudesteyn 


A. van Hasselt 
W. Boone 


. Delwel 
. Bons 
. Kampman 


9oOx 


H. van der Sluis 
F. Nooteboom 


AMSTERDAM, with all ports north of the line Scheveningen-Leiden-Utrecht- 
Arnhem but excluding those ports; also the Island ef Texel 


Office: Prins Hendrikkade 159, Amsterdam 


Telegrams: Lloydsreg, Amsterdam 


Telephone No. 43895 


Ship Surveyors 


L. H. Wehrmeijer 
1. G. ten Sijthoff 


Ship and Engineer Surveyors 


Engineer Surveyors ... 
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FE. D. Pronker 
L. Barendregt 


A. C. Buijze 
J. A. van Lare 


Cc. van der Linden 
H. P. Abel 

D. van Couwelaar 
L. Nieuwland 


(Resident at Arnhem) 


GRONINGEN, with the north-eastern provinces of Groningen and Friesland 
including the Island of Terschelling and south as far as the port of Hasselt 


Office: Rijksstraatweg 336, Haren-Groningen 
Telephone No. 44926 Telegrams: Lloyds Register, Groningen 


M. J. de Bilt 
A. J. Kraayenbrink 


A. C. van Bezuije 
C. P. Molenaar 


Ship Surveyors 


Ship and Engineer Surveyor... 


Engineer Surveyor 


ICELAND 


REYKJAVIK 
Office: Hamarshusinu, Tryggvagétu, Reykjavik 
Telephone Nos. 5420 (Office); Telegrams: Jessen, Grenimel 6, Reykjavik 


7586 (Residence) 
Ship and Engineer Surveyor... ... *V. R. Jessen 
ITALY 
Principal Surveyor for Italy... F. N. Boylan 
(at Genoa) 


GENOA, with all ports from Levanto to Ventimiglia inclusive, also surrounding 
area including Turin and Ancona 


Office: Via Sottoripa, 1a/112 (10th floor), P.O. Box 232, Genoa 
Telephone Nos. 290-741 and 290-742 Telegrams: Surveyors, Genoa 


Principal Surveyor for Italy... F. N. Boylan 


Ship Surveyors 
E. Little , J. B. Dunbar 
J. D. Sutherst Dott. Ing. F. Petronio 
E. Winter Dott. Ing. E. V. Villa 
A. Tilson, B.Sc. 


Dott. Ing. A. Grasselli 
(Senior Engineer Surveyor for Italy) 
A. Ansaldo 


Ship and Engineer Surveyors 


Engineer Surveyors 


S. Follo R. Elliott 

G. Vigo Dott. Ing. W. Giunti 
Electrical Engineer Surveyor S. Gasperini 
Surveyor for Metals... G. Maggi 


Sub-Office at LA SPEZIA, with Levanto, Muggiano and ports south to, but 
excluding, Viareggio 
Office: Via G. Constantini, 30, La Spezia 


Telephone No. 21.948 Telegrams: Surveyors, La Spezia 


Ship Surveyor Dott. Ing. G. Montani 


Ship and Engineer Surveyor... ee .«. ,P. Cesari 


Engineer Surveyor F. Battagli 


Sub-Office at MILAN, with surrounding area including Vercelli, Legnano, 
Domodossola, Como, Bergamo and Brescia 
Office: Via Turati, 8, Milan 


Telephone No. 652-938 Telegrams: Surveyors, Milan 


Engineer Surveyor for Land Division Duties J. L. Savours 


Engineer Surveyors 
D. Cecchi G. Levi 


D. Lamuraglia A. Bertoli 
Dott. Ing. R. O. Winternitz 


LEGHORN, with all ports extending from Viareggio to Civitavecchia inclusive 


Office: 78, Via Magenta, Leghorn 


Telephone No. 25648 Telegrams: Ceccarelli, Magenta 78, Leghorn 


Ship and Engineer Surveyor... ... *E. Ceccarelli 
NAPLES, with Castellammare, Terni and Pescara; also Sardinia 


Office: Piazza Municipio 84 (3rd floor), Naples 
Telephone No. 23-714 Telegrams: Surveyors, Naples 


Ship and Engineer Surveyor... E. F. Butler 
Engineer Surveyor ... sate aes see io. SLATS 
Ship Surveyor R. Ferguson 


Sub-Office at TARANTO, with Bari and Brindisi 
Office: c/o Cantieri Navali di Taranto, Taranto 
Telephone No. 2711 


Ship Surveyor Dott. Ing. M. V. Pollio 


PALERMO, with all ports in Sicily 


Office: Via Duca del Verdura, 83/S5th Floor, Palermo 


Telephone No. 24667 Telegrams: Surveyors, Palermo 


E. Grieves 
W. J. G. Wilson 


Ship and Engineer Surveyors 


_ TRIESTE, with Monfalcone 


Office: Via Mazzini No. 9, Trieste 


Telephone No. 24420 Telegrams: Register, Trieste 


S. B. Lumsden 
Dott. Ing. F. Suligoi 
A. Parodi 


J. J. Wilson, M.B.E. 
P. F. H. Brebner 


Dott. Ing. E. Speri 


Ship Surveyors 


Ship and Engineer Surveyors 


Engineer Surveyor 


Sub-Office at VENICE, (Mestre), with surrounding district including Bolzano 


Office: Corso del Popolo, 179, Mestre (Venice) 
Telephone No. Mestre 52903 Telegrams: Surveyors, Mestre 


Dott. Ing. S. Verdarelli 
C. M. Diviacco 


Ship and Engineer Surveyor... 


Engineer Surveyor 


MALTA 
MALTA 


Office: 18a, Scots Street, Valetta 


Telephone No. Central 4716 Telegrams: Register, Malta 


Ship and Engineer Surveyor... ... *W. J. Hipwell 


NORWAY 
BERGEN, with a district extending from Farsund to Kristiansund inclusive 


Office: 1, Slottsgate, Bergen 


Telephone No. 15634 (Private No. 98547) Telegrams: Surveyor, Bergen 


Ship and Engineer Surveyors S. A. Eide, B.Sc. 
L. O. Nordaas 
Engineer Surveyor ... “ ive ... K. Olsen 
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KONGSBERG 


Inspector of Forgings ... *K. J. Hansen 


OSLO, with a district extending from Mandal to Halden inclusive and the port of 
Trondheim 


Office: Tollbodgaten 27, Oslo 


Telephone No. 424932 Telegrams: Surveyor, Oslo 


Ship Surveyor ee Wie D. T. Grant 

Ship and Engineer Surveyor... L. Tveit 

Engineer Surveyors ... W. R. Cromey 
S. K. Person 
P. L. Vaheim 


Sub-Office at NARVIK, with a district extending to all ports north of Trondheim 


Office: L.K.A.B’s. Office Building; P.O. Box 212, Narvik 
Telephone No. Central 1020, line no. 192. 


Engineer Surveyor A. Bankerod Jacobsen 


Sub-Office at MO I RANA 
(All correspondence should be addressed to OSLO) 


Surveyor for Steel Inspection ... *P. Ofsdahl 


POLAND 
GDANSK 


Office: c/o C.B.K.O. No. 1, ul. Jana z Kolna 31, Gdansk 
Telephone No. 32774 Telegrams: Register, Gdansk 
Ship Surveyors E. Tee 

R. J. C. Dobson, Jr. 


(Resident at Szczecin) 


J. G. Lambie, B.Sc. 
Dipl. Ing. M. Pycinski 
J. Manson 


G. Manson 
B. Langhamer 


Ship and Engineer Surveyor... 
Engineer Surveyors ... 


KATOWICE 


Surveyor for Metals... 
Engineer Surveyors ... 


A. D. Campbell 


V.S. Prosser 
L. Weber 


PORTUGAL 
LISBON, including all ports in Portugal, Azores and Cape Verde Islands 


Office: Avenida 24 de Julha, 60—2° Esq., Lisbon 


Telephone No. 664131 Telegrams: Register, Lisbon 


J. H. Nairn 


C. W. White 
(Resident at Oporto) 


J. T. Thirlaway 
E. A. Pickering 
J. Fleming 


Ship and Engineer Surveyors 


Engineer Surveyor 
Ship Surveyor... 


SPAIN 


Principal Surveyor for Spain G. Dixon 


; (at Madrid) 
MADRID, with a district including Zaragoza, Valladolid and Salamanca 


Office: Calle de la Princesa 29, 2° izqda, Madrid 


Telephone No. 47-92-47 Telegrams: Register, Madrid 


(Communications should be addressed to the Principal Surveyor) 


BARCELONA, with a district including San Feliu de Guixols to Vinaroz, also the 
Balearic Islands 


Office: Paseo de Colon 11, Barcelona 


Telephone No. 19601 Telegrams: Surveyors, Barcelona 


R. W. Stonehouse 
J. Marina 


Ship and Engineer Surveyor... 


Engineer Surveyor 


BILBAO, with a district extending from Pasajes to Gijon, including Aviles and 
San Esteban de Pravia 


Office: Gran Via. 83, 1° izda, Apartado de Correos 286, Bilbao 
Telephone No. 16995 Telegrams: Register, Bilbao 


Ship and Engineer Surveyors 


F. Larrucea J. R. P. Conolly 
T. O. Morris V. L. Kilgour 
J. M. Ruiz 
Ship Surveyors H. Nutter 
I. H. White 


CADIZ, with a district from Almeria to Huelva, including Seville 


Office: Avenida del Generalisimo Franco, 2-1°, Cadiz 
Telephone No. 14555 Telegrams: Registro, Cadiz 


Ship Surveyors T. Jaroszynski, B.sc. 


(Senior Ship Surveyor for Spain) 


G. Coggon 

A. I. L. Pagan 
Ship and Engineer Surveyor... J. N. P. Douglas 
Engineer Surveyor G. K. Peace 


GIJON, with a district extending from Gijon to San Estaban de Pravia, including 
La Felguera and Trubia. 

Office: Edificio San Estaban, Gijon 

Telephone No. 9515 Telegrams: Register, Gijon 


Ship and Engineer Surveyor... I. L. Wren 


VALENCIA, with a district including Castellon to Cartagena 


Office: Edificio Corfruna, Grao, Valencia 


Telephone No. 23.16.39 Telegrams: Register, Valencia 


A. J. Smith 
J. F. Crawford 


Ship Surveyor 
Ship and Engineer Surveyor... 


VIGO, with a district extending from Vigo to El Ferrol 


Office: Luis Taboada, 21-2°, Centro, Vigo 


Telephone No. 6448 Telegrams: Register, Vigo 


Ship Surveyor D. Fernie 


Ship and Engineer Surveyor... ae Sap NN a) RIETCL 
(Resident at El Ferrol) 


SWEDEN 


Principal Surveyor for Sweden C. J. G. Jensen, B.Sc. 


(at Gothenburg) 


GOTHENBURG, with a district extending from Strémstad to Falkenberg inclusive 
also the port of Kalmar on the East coast 
Office: Jarntorget, 3, Gothenburg, C. 


Telephone No. 124230 Telegrams: Surveyor, Gothenburg 


Principal Surveyor for Sweden C. J. G. Jensen, B.Sc. 


Ship Surveyors 


B. Grauers, Civ.Ing. 
N. Flensburg, Civ.Ing. 


L. Brewer 
(Resident at Uddevalla) 


B. Roslund K. O. L. Nilsson, Civ.Ing. 
H. Alsén, Civ. Ing. S. Janzén, Civ.Ing. 
G. Almond, B.Sc. L. Dohm-Hansen 


A. K. H. Lidén, civ.mng. 


Ship and Engineer Surveyors 


S. Johnsson S. I. C. Goransson 
C. O. Scotting N. A. Friberg 
(Resident at Uddevalla) H. E. Janson 
A. Ozols 
Engineer Surveyors ... A. Sjégren 
G. Uno 
B. G. Johnsson 


Electrical Engineer Surveyor J. M. Gardiner 
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HELSINGBORG, with a district extending from Halmstad to Landskrona, inclusive SWITZERLAND 


F WINTERTHUR 
Office: Bryggaregatan 35a, Helsingborg U 
Telephone Nos. 10594 and 22130 Telegrams: Surveyor, Helsingborg Office: Neuwiesenstrasse 3, Winterthur 
Telephone No. 81122, Internal 3543/4 (Home 63785) Telegrams: 


Ship and Engineer Surveyors oe Pre iF Osterberg ‘ ; 
S. B. Bovin | Ship and Engineer Surveyor... re «oa. Ney Potts 
Ship Surveyor vee wes ase we DJ. Maclachlan Engineer Surveyor ... ...  ». «J. G, Heads 
Electrical Engineer Surveyor ae ... A. Carey 
| (Resident at Zurich) 
MALMO, with a district extending from Malmé to Karlskrona, inclusive | TURKEY 
pac : is 4 f z _ ISTANBUL 
Office: Skeppsbron 3, Malm6 ee ha ; 
Telephone Nos. 21871-21881 Telegrams: Register, Malmé Office: Rihtim Caddesi Arzu Han 5/6, Tophane, Istanbul 
Telephone No, 441286 Telegrams: Lloydsurv, Istanbul 
Ship and Engineer Surveyors re ... A. O. Borring . 
The Lassen Ship Surveyor oa “ae hi ... J. M. Taylor 
| , Shin Sekepors x = oe _.. K. Little Engineer Surveyor... Tf, hee ... RR. DM: Leach 
| B. Kahl, Civ.mng. 
YUGOSLAVIA 
STOCKHOLM, with all ports on the East Coast of Sweden north of Kalmar, and . : ; 
° Senior Surveyor for Yugosl ss ... G. Majcen, B.Sc. 
including the Islands of Gotland and Aland ti hes pet oe lees es Split) 
Office: Bellmansgatan 15, Stockholm SPLIT 
Telephone No. 44.03.40 Telegrams: Lloydsregister, Stockholm Office: Setaliste M. Pijade 1, Split 
Ship and Engineer Surveyors Telephone No. 3076 Telegrams: Register, Split 
V.T. Billow 'W. A. Cook Ship Surveyors... ss asses G. Majceen, Base. 
I. Lager K. Eriksson Dipl. Ing. D. Stipetic 
| Engineer Surveyors ... ind TAR Riese Engineer Surveyor... wats ae ... Dipl. Ing. M. Brajnovic 
{ L. O. Sandell 
: ' Sub-Office at RIJEKA 
Electrical Engineer Surveyor nas ... A. Pullar : ; 
(Resident at Vasterds) Office: Palaca Jadran, V Kat, Rijeka 
Telephone No. 59-77 Tel : Register, Rijek 
Ship Surveyors ve + oe ... H.O. Albertson, Civ.tng. Seem ee ee 
: S. A. D. Schierwagen, Engineer Surveyors ... rea ay: ... A. Butler 
Civ.Ing. J. Racki 
F. Reid M. Furlanis 
Surveyor for Metals ».. ae ee ... §. Walterson Ship and Engineer Surveyor... ... ... I. Pejovic 
(Resident at Borlange) 
Ship Surveyors AS os 5 ... W.O. Turnbull 
Surveyor for Steel Inspection oc ... G.A. Gillberg J. B. Somerville 
j (Resident at Luled) Ing. M. Feric 
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NEW YORK, N.Y. 


Office: 17, Battery Place, New York, 4 
Telephone Nos. Whitehall 4-0220, 0221, 0222 & 0223 Telegrams: Nymdible, New York 


Chief Representative, and Principal 
Surveyor for the United States ... 


Principal Engineer Surveyor at New York... 


Ship Surveyors 


J. L. Beasley 
T. A. Simpson 


Ship and Engineer Surveyors 


C. N. Thomas 
B. S. Witowski 
J. McGuire 


Engineer Surveyors ... 


Electrical Engineer Surveyor 


BALTIMORE, Md. 


AMERICA—UNITED STATES 


Curer REPRESENTATIVE, AND PRINCIPAL SURVEYOR FOR THE UNITED STATES, PANAMA, WEST INDIES, CuBa, 


NETHERLANDS ANTILLES AND VENEZUELA 


W. J. Roberts, B.Eng. 
C. Macpherson, B.Sc. 


G. H. Winders 
W. E. Tuck 


V. W. 

J. C. Nobels 
J. L. Lumsdon 
H. G. Donald 


Office: 1223-4, Munsey Building, Baltimore, 2 


Telephone No. Plaza 2411 
Ship Surveyor 


Ship and Engineer Surveyors 


BOSTON, Mass., with Providence, R.I., and Bath 


Telegrams: Surveyor, Baltimore 
E. Flynn 


A. V. Riise-Madsen 
D. H. MacKenzie 


Office: Room 927, 131, State Street, Boston, 9 


Telephone No. Hubbard 8674 


Ship and Engineer Surveyor... 


CHICAGO, Ill. (see under CLEVELAND) 


Ohio 
Telephone No. Main 1-3910 
Ship and Engineer Surveyors 


Telegrams: Surveyor, Boston 


... *Thomas Barrie 


CLEVELAND, Ohio, with Buffalo, Detroit and Chicago 
Office: 1323, The Hluminating Building, 55, Public Square, Cleveland 13, 


Telegrams: Lloyds, Cleveland 


R. S. Haagensen 
J. D. Wallace 


GALVESTON, Texas, with all ports in Texas and Lake Charles, La. 


Office: 107, Cotton Exchange Building, Galveston 


Telephone No. SO 2-2832 


Ship and Engineer Surveyor... 


Telegrams: Register, Galveston 


W. Rennie 


JACKSONVILLE, Fla., with Charleston, S.C., Savannah, Ga. and Tampa, Fla. 


Office: 1805-B, Atlantic Blvd., Jacksonville 7, Fla. 


Telephone No. Ex. 8-0001 


Ship and Engineer Surveyor... 


Telegrams: Register, Jacksonville 


... *K. Moller 


W. J. ROBERTS, B.Eng. (at New York). 


| LOS ANGELES, Calif., with Long Beach and San Diego 
Office: 119, Anaheim Street W., Wilmington, Cal. (P.O. Box 575) 


Telephone No. Terminal 4-2334 


Ship and Engineer Surveyor... 


Telegrams: Lloyds Wilmington, Calif. 


F. A. J. Findley 


| MIAMI, Fla., with Key West, Fla., Port Everglades, Fla., Palm Beach, Fla., and 


Nassau, Bahama Islands 


Office: 1130 S.W. 22nd Street, Miami 36, Fla. 


Telephone No. Franklin 4-2843 (Office); 
Homestead, Florida, Circle 7-5947 (Residence) 


Ship and Engineer Surveyor... 


MOBILE, Ala., with Pensacola, Fla. 


Telegrams: Surveyor, Miami 


... *F. H. Hallbauer 


Office: Room 1502, Merchants National Bank Building, Mobile, 11 


Telephone No. 2-4882 


Ship and Engineer Surveyor... 


| NEW ORLEANS, La. 


Telegrams: Register, Mobile 
W. Scott 


Office: Room 1016, Whitney Bank Building, New Orleans, 12, La. 


Telephone No. Raymond No. 8998 


Ship and Engineer Surveyor... 


Telegrams: Register, New Orleans 


W. C. Cowin 


_ NEWPORT NEWS, Va., with Norfolk and Richmond, Va., and Wilmington, N.C. 
Office: C. & O. Terminal Building, Newport News (P.O. Box 558) 


Telephone No. 5-1661 
Ship and Engineer Surveyors 


| PHILADELPHIA, Pa. 


Telegrams: Register, Newport News 


H. G. Saunders 
W. D. Wardle 


Office: Room 410, 1420, Walnut Street, Philadelphia 2, Pa. 


Telephone Nos. Pennypacker 5-8764, 8765 


Ship Surveyors 
Ship and Engineer Surveyors 


Surveyor for Steel Inspection 


thereof in Ohio 


Telegrams: Surveyors, Philadelphia 


R. G. S. Kennedy, B.Sc. 
B. R. MacLennan 


D. J. Archibald 
E. J. P. Wray 


C. J. Houser 


(Resident at Harrisburg) 


PITTSBURGH, Pa., with Columbus, Canton, Youngstown and districts south 


Office: 832, Frick Building, Pittsburgh, 19, Pa. 


Telephone No. Atlantic 1-8958 
Surveyor for Metals... 
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Telegrams: Register, Pittsburgh 


J. M. Grove, B.Sc. 


PORTLAND, Or. (see under SEATTLE) | SEATTLE, Wash., with Tacoma, Bellingham, Grays Harbor and all ports in 
Washington territory; not including the Washington shore of the 


SAN FRANCISCO, Calif., with Stockton, Calif. Columbia River; also Portland, Or. 
| Office: Room 1449, Dexter Horton Building, Seattle 4 


Office: Rooms 1233-34 & 1236, Matson Building, 215, Market Street, | 


San Francisco, 5 Telephone Nos. Main 3-8118 (Office); Telegrams: Lloyds, Seattle 


Sunset 4-1811 (Residence) 


Telephone No. Douglas 0823 Telegrams: Freeboard, San Francisco 
Ship and Engineer Surveyor... aes ... E. Marlborough Ship and Engineer Surveyor... gt ... *E. L. McCurtain 
PANAMA CANAL ZONE CUBA 
a i . | HAVANA 

BALBOA, with a district including all ports in the Panama Canal Zone ; 

Office: 218, Pacific Terminal Building, Balboa; P.O. Box 304 | Office: Oficios 152, Havana; P.O. Box 1746 

Telephone No. 1831 Telegrams: Register, Balboa Telephone No. A-3760 Telegrams: Don Wheel, Havana 

Ship and Engineer Surveyor... Ren ... C.H, Haman Ship and Engineer Surveyor... re ... *A. del Moral 

THE WEST INDIES 

KINGSTON, Jamaica 

Office: Royal Mail Building, Port Royal Street, Kingston NETHERLANDS ANTILLES 

Telephone No. 2930 Telegrams: Edwat, Jamaica 

Ship and Engineer Surveyor ie? ... *E. Watson | CURACAO, including Aruba 
PORT OF SPAIN, Trinidad Office: Handelskade 1b, Willemstad; P.O. Box 121, Curacao 

Office: c/o G. F, Huggins & Co., Ltd., Lloyd’s Agents; P.O. Box 179, Telephone No. 12384 Telegrams: Register, Curacao 

Port of Spain, Trinidad : Ship and Engineer Surveyor... ae ... W.S. Holness 
Telephone No. 8881 Telegrams: Care Huggins, Port of Spain 
Ship and Engineer Surveyor... pea +. *G. G, Purvis 


NASSAU, Bahama Islands (see MIAMI, FLA.) 


SOUTH AMERICA 


BUENOS AIRES, including all ports in Argentina RIO DE JANEIRO, Brazil, and Brazilian coast, except Santos 
Office: Calle 25 de Mayo 158, Buenos Aires Office: Rua da Candelaria 80, 6th Floor ; Caixa Postal 4481, Rio de 
Telephone Nos, 33-2364 and 30-2640 Telegrams: Surveyors, Buenos Aires Janeiro 
Telephone No. 23.2523 Telegrams: Surveyor, Rio de Janeiro 
Ship and Engineer Surveyors A= ... A. FE. Sinclair : 
J. S. Cook Ship and Engineer Surveyors _— ... E. Howey 
W. F. Rogerson F. N. Tanner 
SANTOS, Brazil 
Office: Rua Brads Cubas, 3, 9° and.-sala 19; Caixa Postal 2039 (Gonzaga), 
Santos 
Telephone No, 2-8097 Telegrams: Surveyor, Santos 


CARACAS, including all ports in Venezuela 


‘ : : : Ship and Engineer Surveyor... nee iw of. A. Davies 
Office: Quinta “JOMARO” 9° Transversal, Altamira-Caracas 


Telephone No. 33.32.08 Telegrams: Marsur, Caracas ha " 
TALCAHUANO, Chile, with a district extending from Constitucion in the north 
Ship and Engineer Surveyor... +r ... *Ing. J. J. Schoo to Peninsula Tres Montes in the south 
Office: Casilla 615, Concepcion, Chile 
Telephone No. 1925-J Telegrams: Pelloyd, Concepcion 
Ship and Engineer Surveyor... ik ... *K. O. Pearson 
arene sacl : LI gp om Milan oy AE nde PR gre VALPARAISO, Chile, with a district extending from Talca in the south to Arica 
: in the north 
Office: Calle Solis 1480, 1° Piso (Casilla de Correo 524), Montevideo Office: Calle Almirante Sefioret No. 48 (Casilla 148), Valparaiso 
Telephone No. 8.55.57 Telegrams: Surveyor, Montevideo, Uruguay Telephone No, 4604 Telegrams: Airdrie, Valparaiso 
Ship and Engineer Surveyor ave ..» TT. O. Winter Ship and Engineer Surveyor... axa ... R.A, Loraine | 
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CANADA 


A. R. RIDDELL 


PRINCIPAL SURVEYOR FOR CANADA 
(at Montreal) 


MONTREAL AND QUEBEC, with a district including the Gulf and River ST. JOHIN’S, Newfoundland 


he LOTS See OT Office: King George V Institute, Water Street (Rooms 17, 19 and 23): 
Office: Canada Steamship Lines Building, 759, Victoria Square (Room 51), P.O. Box E-5054, St. John’s 
Montreal, P.Q. Telephone No. 6514 Telegrams: Surveyor, St. John’s 

Telephone No. Victor 9-6386 Telegrams: Register, Montreal Ship and Engineer Surveyor... ns. «Ro As Harvey 
Principal Surveyor for Canada ... ... A. R., Riddell Ship Surveyor a ros ah .... K. Harrison 
Ship Surveyors $e - Ae ... J. W.G. Thurston 

(Senior Ship Surveyor for Canada) 

err poe ec TORONTO, Ont., with a district including all ports on the Canadian side of the 

D. Bell, B.sc. Great Lakes from (but not including) Kingston, Ont., to Port Arthur, Ont. 
Ship and Engineer Surveyors oP ... D. Halkett Office: Commerce and Transportation Building, 159, Bay Street (Room 

(Resident at Quebec) 616), Toronto 

N. Ross Telephone No. Empire 4-8617 Telegrams: Seaworthy, Toronto 
W. Heatlie : ; 
Ship and Engineer Surveyors br ... L. D. MacBean 
Engineer Surveyors ... sks ae ... A. A, Crawford (Senior Surveyor for the Toronto 
(for Land Division Duties) District) | 
A. K. McDougall E. G. White f 
D. McKinnon (Resident at St. Catharines) 
F. G. H. White 
Ship Surveyor ree bee ae ... T.L. Millar 


HALIFAX, N.S., with Sydney and Pictou, N.S. 


Sub-Office at PORT ARTHUR, Ont. 
Office: 37, Furness Withy Building, Halifax uae t isi 


Office: c/o Port Arthur Shipbuilding Co., Ltd., Port Arthur, Ont. 


Telephone No. 3-7506 Telegrams: Lloyd, Halifax, N.S. 
Ship and Engineer Surveyor... ee ee Ship and Engineer Surveyor... re ... J. Macdonald 
Engineer Surveyor ... cals a ... A. L. McIntosh 


VANCOUVER AND VICTORIA, B.C., including Vancouver Island and all 
ports in British Columbia 


SAINT JOHN, N.B. Office: 1718, Marine Building, Vancouver 1, B.C. 


$ a. Telephone No. Mutual 1-5188 Telegrams: Registrar, Vancouver 
Office: 147, Prince William Street; P.O. Box 546, St. John, N.B. Ship and Engi s : Tuk Seeoe 
Telephone No, 3-2789 Telegrams: CEN PEE SA eS : a eat ar tia 
% Ps P Vancouver District) 
Ship and Engineer Surveyor... pr ... G. Peddie T. Taylor 
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AFRI 


UNITED ARAB REPUBLIC 
ALEXANDRIA 
Office: “Al Bassir’’ Building, 5, Rue Adib Bey Isaac, Alexandria 
(P.O. Box 740) 
Telephone No. 25088 


Ship and Engineer Surveyor... 


PORT SAID 


Office: Ground Floor, A. Marin Building, 36, President Choukri El 
Kuwatli Street; P.O. Box 272, Port Said 


Telephone No, 2686 Telegrams: Register Port Said 


E. Schomber 
(temporarily attached) 


M. Dawood, B.se. 


Ship and Engineer Surveyor... 


Engineer Surveyor 


CA 


NIGERIA 


LAGOS, including ports in Sierra Leone, Ivory Coast, Gold Coast, Dahomey and 
the Cameroons 


Office: Rooms 9-12, Shipping Offices, Port Main Entrance, Wharf Road; 
P.O. Bag 1007, Apapa, Nigeria 


Telephone No. 55311 Telegrams: Lloydsreg, Lagos 


J. Whitehead 


L. A. Turrell 
R. Guy 


Ship and Engineer Surveyor 


Engineer Surveyors ... 


SOUTH AND EAST AFRICA 


Principal Surveyor for South and East Africa P. F. Balfour 
(at Durban) 


_ DURBAN 


SUEZ 


Office: 2nd Floor, Lambert Bros. Building, Shareh El-Canal; P.O. Box 68, 
Port Tewfik 


Telephone No, Suez 3671 Telegrams: Lloydreg, Suez 


K. G. Friman 


Ship and Engineer Surveyor... 
(temporarily attached) 


Office: 23/24, Cato House, 340, Smith Street, Durban; P.O. Box 170 
Telephone No. 24092 Telegrams: Lloydsreg, Durban 
Principal Surveyor for South and East Africa P. F. Balfour 

Ship and Engineer Surveyor... T. H. Noel 


_ CAPE TOWN 


NORTH AFRICA. 


ALGERIA AND TUNISIA 
ALGIERS (sub-office of Marseilles) 


Office: 6, Boulevard Baudin, Algiers 


5 | 
Telephone No, 356-74/75/76 Telegrams: Lloyds Surveyor, Algiers | 


Engineer Surveyor R. J. Berthe 


CANARY ISLANDS 


LAS PALMAS, with all ports in the Canary Islands 


Office: c/o Miller ‘y Cia. S.A., Muelle Catalina; P.O. Box 106, Las 
Palmas, Grand Canary 


Telephone No. 2455-7 Telegrams: Jolly, Carbonera, Las Palmas 


Ship and Engineer Surveyor... Seen de Sand ONY 


Office: 104, Commonwealth Building, 8, Adderley Street, Cape Town 
Telephone No, 2-4493 Telegrams: Lloydsreg, Cape Town 


Ship and Engineer Surveyor... C. Ritchie 


MOMBASA 


Office: c/o Smith, Mackenzie & Co.; P.O. Box 120, Mombasa 


Telephone No. 3671 Telegrams: Lloydsreg, Mombasa 


Ship and Engineer Surveyor... D. Ross Innes 


VEREENIGING with the Johannesburg District and Pretoria 


Office: 110,111 Spes Bona Building, Leslie Street, Vereeniging, Transvaal; 
P.O. Box 748 


Telephone No. 642-0378 Telegrams: Lloydsreg, Vereeniging 


J. P. Smith 


Engineer Surveyors ... 
J. McBride 


ASIA 


ADEN 
ADEN 


Office: Room 40, P. & O. House, Larcombe Road, Steamer Point, Aden 
Telephone No. 3632 Telegrams: Lloydsur, Aden 


Ship and Engineer Surveyor... B. W. Oxford 
BURMA 
RANGOON 
Office: c/o Steel Brother & Co. Ltd., 622, Merchant Street; P.O. Box 132, 
Rangoon 


Telephone Nos. South 616 (Office) 
30303 (Residence) 


Telegrams: Todd, care Steelship, Rangoon 


Ship Surveyor . *L. H. Todd 


CEYLON 


COLOMBO, with Galle and Trincomalee 


Office: 29, 2/5, Gaffoor Building, Main Street, Colombo, 1; P.O. Box 270 


Telephone No. 3694 Telegrams: Register, Colombo 


N. A. Dawson 
B. E. J. Borkett 


Ship and Engineer Surveyor 
Engineer Surveyor 


INDONESIA 


DJAKARTA 


Office: c/o Harrisons & Crosfield, Teromol Pos Dak. 715, Djakarta, 
Indonesia 


Telephone No. Telegrams: Register, Djakarta 


J. A. Boater 


(Senior Surveyor for Indonesia) 


Ship and Engineer Surveyor ... 
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SOURABAYA 


Office: Djalan Raja Darmo No. 130, Sourabaya, Indonesia 
Telephone No. Darmo No. 120 Telegrams: Surveyor, Sourabaya 


R. C. Pattinson 
(temporarily attached) 


Engineer Surveyor 


THE PHILIPPINES 


MANILA, and ports in the Philippines 


Office: 4th Floor, Shurdut Building, Intramuros, Manila 
Telephone Nos. 3-97-22 and 3-30-90 Telegrams: Register, Manila 


Ship and Engineer Surveyor... ... *E, R. Sanderson 


HONG KONG 
HONG KONG 


Office: Room 236, Alexandra House (P.O. Box 463), Hong Kong 
Telephone No. 28246 Telegrams: Marine, Hong Kong 


Ship and Engineer Surveyors J. A. Anderson 


J. Moar 
J. L. V. Whittle 
Engineer Surveyor R. J. Bann 
(temporarily attached) 
Ship Surveyor J. K. Young 
INDIA 
Senior Surveyor for India B. Hill 


(at Calcutta) 


BOMBAY 
Office: Laxmi Building, Ballard Road, Bombay, India 
Telephone No. 26-1035 Telegrams: Surveyor, Bombay 


C. K. Stevenson 
J. E. Radcliffe 
G. T. Meikle 


Ship and Engineer Surveyors 


CALCUTTA, with East Pakistan 


Office: 1, Fairlie Place, Calcutta, India 


Telephone No. 22-6182 Telegrams: Freeboards, Calcutta 


Ship and Engineer Surveyors 


B. Hill A. R. Morton 
(Senior Surveyor for India) A. McCourts 
R. McIntosh H. Allen 

Ship Surveyor J. Currie 


MADRAS 


Office: 15, Sathyanarayana Avenue, Boat Club Road, Madras 28 


Telephone No. 72735 Telegrams: Lloydsreg, Madras 


Ship and Engineer Surveyor... J. M. Cochrane 


VISAKHAPATNAM 


Office: P.O. Box 109, Visakhapatnam Port, Visakhapatnam, S. India 
Telephone No. 523 Telegrams: Surveyor, Visakhapatnam 


Ship Surveyor W. B. Dugdale 


IRAN 


KHORRAMSHAHR 
Office: P.O. Box No. 36, Khorramshahr 


Telephone No. Telegrams: Register, Khorramshahr 


Ship and Engineer Surveyor G. J. Atkins 


IRAQ 


BAGHDAD, for Land Division Duties 


Office: Arasa No. 218, Alwiyah, Baghdad 


Telephone No. 8869 Telegrams: Regland, Baghdad 


Engineer Surveyor P. R. Smart 
BASRA 


Office: P.O. Box No. 99, 14th July Street, Asher, Basra 
Telephone No. 4457 Telegrams: Register, Basra 


Ship and Engineer Surveyor... 


Engineer Surveyor 


ISRAEL 


HAIFA, with Jaffa and Tel Aviv 
Office: 24, Jaffa Road; P.O.B. 1962, Haifa, Israel 
Telephone No. 6381 Telegrams: Lloydsreg, Haifa 


Ship and Engineer Surveyor... D. Fourier 


JAPAN 


P. W. Mason 


Principal Surveyor for Japan 
(at Yokohama) 


KOBE, with Nagoya, Osaka, Aioi, Tamano, Innoshima and Mukaishima 


Office: Rooms 720-727. Shinko Building (7th Floor), Kaigandori No. 8, 
Ikuta-Ku; P.O. Box 446, Kobe 


Telephone Nos. 3-0141, 3-0142 and 3-0143 Telegrams, Register, Kobe 


Ship Surveyors 


S. Bowman H. McLean 
(Senior Ship Surveyor for Japan) R. Brown 

R. P. Harrison T. C. Marshall 
J. R. Cheshire K. Urayama 
W. N. Henckel S. Noguchi 


(Resident at Nagoya) 
J. R. Wilson 
J. S. B. Gall 


(Resident at Tamano) 
M. Yamashita 


Ship and Engineer Surveyors 


P. Manson 

S. N. Clayton 

F. A. MacFarlane 
A. Jacobs 

M. Kamakura 


Y. Hamada 

A. Murao 

M. Hayashibara 
J. Nonomura 
K. Tabuchi 

S. Matsumoto 


Engineer Surveyors 


P. Couch 
Y. Kojima 


S. Hashiguchi 


Cc. G. Allan 


Electrical Engineer Surveyors f 
M. Ishiwatari 


Surveyors for Steel Inspection 


M. Sugihara 
E. Itami 


K. Kimura 
H. Nishizawa 
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Sub-Office at HAKODATE, covering the Island of Hokkaido 


Office: c/o The Hakodate Dock Co., Ltd., Hakodate Shipyard, 88, Benton 
cho; P.O. Box No. 5, Hakodate 
Telephone No. Hakodate 2-3111 Ext. 10 


SHIMONOSEKI, with Hiroshima, Kasadoshima, Moji, Yawata and Kure 


Office: Nokyo Building, 161, Buzenda-cho, Shimonoseki 


No, 2-2938 Telegrams: Register, Shi ki 
Tephons Ne. Se cae =e ye acne Telegrams: Register, Hakodate 


Ship and Engineer Surveyors G. M. Kersey Ship Surveyor K. Ikehata 
A. Imaizumi 
Engineer Surveyor K. Okada MALAYA 
Surveyors for Steel Inspection YF ee PENANG 
. Koi 


Office: Surveyor of Ships Office, Government Building, Beach Street; 
P.O. Box 437, Penang, Federation of Malaya ~ 


Telephone Nos. 63039 (Office); 67319 (Residence) Telegrams: Surveyor of Ships, Penang 
*W. A. H. Sim 


Sub-Office at NAGASAKI, with Sasebo 


Ship and Engineer Surveyor... 
Office: P.O. Box 27; c/o Nagasaki Works Mitsubishi Zosen K.K., 
1, Akunoura-cho, Nagasaki 


Telephone No. 50 
Ship Surveyor 


Engineer Surveyor 


Telegrams: Register, Nagasaki 


T. M. G. Jobling 
M. Ogawa 


PAKISTAN 


KARACHI 


Office: Shernaz House, West Wharf Road; P.O. Box 4922, Karachi 


Telephone No. Karachi 30429 


Telegrams: Lloydreg, Karachi 


Ship and Engineer Surveyor G. A. Stewart 


YOKOHAMA, with Tokyo, Uraga, Shimizu and the Island of Formosa | 
| 
Office: 18, Nihon Oh-dori (Chartered Bank Building), Yokohama ; P.O. 


Box 228 SINGAPORE 


SINGAPORE 


Telephone Nos. 8-2961 and 8-2962 


Telegrams: Register, Yokohama 


Office: Rooms “A” and “B”, Tenth Floor, Asia Insurance Building, 


‘Principal Surveyor for Japan P. W. Mason Finlayson Green; P.O. Box 480, Singapore 
Ship and Engineer Surveyors .. R.R. Holtum Telephone No, 22861 Telegrams: Surveyor, Singapore 
: : “3 HY soci ‘ Ship and Engineer Surveyors 
. Mochizuki 


Engineer Surveyors 


H. Terashima 


P. F. Chesters 
W.N. Taylor 


W. Ward 


W. Armstrong I. Suzuki Ship Surveyor J. MacLeod 
J Winn S. Takenaka eer ary are 
Ship Surveyors L. D. Phillip | THAILAND 


Surveyors for Steel Inspection 


D. S. Macdougall 
K. Nakano 
vi 
K 


BANGKOK 


Office: 20, Sathorn Road, Bangkok 
Telephone Nos. 31717 (Office); 31074 (Residence) 


Ship and Engineer Surveyor... ... *D. C. Knott, B.Sc. 
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AUSTRALIA 


PRINCIPAL SURVEYOR FOR AUSTRALIA 


SYDNEY, N.S.W., with Port Kembla 
Office: 4, Bridge Street, Sydney 


Telephone No. B.U.3977-Automatic Telegrams: Miramar, Sydney, N.S.W. 


Principal Surveyor for Australia W. T. Mathieson 


Ship and Engineer Surveyors 


D. A. MacFarlane J. H. Cowell 
E. G. Hughes I. M. Petrie 
Engineer Surveyors J. T. Holdorf 
E. R. Yates 
Electrical Engineer and Engineer Surveyor —S. C. Johnson 
Ship Surveyor F. B. Last 
Surveyor for Metals... E. B. Suters 


(Resident at Port Kembla) 


ADELAIDE, S.A. 


Office: Institute Chambers, Divett Street, Port Adelaide 
Telephone No. J.1547. 


Telegrams: 
Ship and Engineer Surveyor... C. E. Hall 
Engineer Surveyor S. R. Thomas 


BRISBANE (Queensland), with Maryborough 


Office: Orient Line Building, Eagle Street, Brisbane 


Telephone No. 31-1502 Telegrams: Register, Brisbane 


Ship and Engineer Surveyors H. Gerrard 


D. F. Porter 


W. T. MATHIESON 
(at Sydney) 


FREMANTLE, W.A., with Carnarvon, Geraldton and Albany 


Office: 21, Phillimore Street; P.O. Box 182, Fremantle, W.A. 


Telephone No. L. 4044 Telegrams: Janbar, Perth 


F. K. L. Birk 
H. B. Gratte 


Ship and Engineer Surveyor... 
Engineer Surveyor 


HOBART (Tasmania) 


Office: 5, Gladstone Street, Hobart, Tasmania 


Telephone Nos. 2-3411 (Office); 5-8247 (Residence) Telegrams: Jonwell, Hobart 


Ship and Engineer Surveyor... ««. *W. F. Wells, 3:8. 


MELBOURNE (Victoria), with Williamstown and Geelong 
Office: The Australian National Line Building, 73, Riverside Avenue, 
South Melbourne 


Telephone No. 61-2293 Telegrams: Reports, Melbourne 


J. E. North 
J. S. Irvine 


K. McCracken 
A. L. Simpson 


Ship and Engineer Surveyors 


Engineer Surveyors ... 


NEWCASTLE, N.S.W. 


Office: Room 11, T. & G. Building, Hunter Street; P.O. Box 538, 
Newcastle, N.S.W. 


Telephone No. B3078 Telegrams: Mulubinba, Newcastle, N.S.W. 


W. B. C. Elder 
K. T. Fitchett 


Ship and Engineer Surveyors 


WHYALLA, S.A., with Thevenard, Port Lincoln, Port Augusta, Port Pirrie and 
Wallaroo 


Office: c/o Shipyard, The Broken Hill Proprietary Co., Ltd., Whyalla 
Telephone No. Whyalla 3324 Telegrams: Register, Whyalla, South Australia 


Ship and Engineer Surveyor... J. E. Thompson 


NEW ZEALAND 


SENIOR SURVEYOR FOR New ZEALAND 


WELLINGTON, with New Plymouth and Napier 


Office: Ist Floor, Maritime Building, Customhouse Quay; 
Box 2129, Wellington, C.1. 


Telephone No. 43-624 


G.P.O. 


Telegrams: Lloydsreg, Wellington 
F. E. Turpie 


(Senior Surveyor for New Zealand) 


L. O. Christensen 


Ship and Engineer Surveyors 


AUCKLAND, with Whangarei, Tauranga and Gisborne 


Office: Farmers’ Co-op. Auct. Co. Ltd., 14-18, Customs Street East; 
G.P.O. Box 2682, Auckland 


Telephone No. 41-311 Telegrams: Lloydsreg, Auckland 


A. Huntingford 
P. N. Cosmetto 


Ship and Engineer Surveyors 


F. E. TuRPIE 
(at Wellington) 


DUNEDIN, with Omaru and Bluff 


Office: Colonial Mutual Buildings, 276, Princes Street; P.O. Box 904, 
Dunedin, C.1. 


Telephone Nos. 70-438 (Office); 71-777 (Residence) Telegrams: Cellular, Dunedin 


Ship and Engineer Surveyor... B. A. White 


LYTTELTON, with Timaru 
Office: G.P.O. Box 56 Lyttelton 


Telephone Nos. Lyttelton Wharf Office 332; 


Telegrams: Oileng, Lyttelton 
Residence and Christchurch Office 36493 


Ship and Engineer Surveyor... C. Wallis 


* Not an Exclusive Officer of Lloyd's Register 
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